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PREFACE 


The Twentieth Congress of the Communist Party of the Soviet Union was an event of universal and 
historic importance. The report of the Central Committee of the C. P. S. U. to the Twentieth Congress of the 
Party marks a new era in the development of our great Motherland toward communism, in the creation of strong 


foundations for lasting peace and friendship between peoples and in the strengthening of the entire camp of 
socialism. 


h In the report we see the great penctration of the Marxist-Lenininst analysis of the international and in- 
ternal position of the USSR. This report has creatively developed many extremely important principles of 


Marxism-Leninsim, taking in account those great changes that have taken place in the life of peoples of the 
entire world, 


The Congress declared that the Central Committee of the C.P.S.U. very correctly opposed the cult of 
personality, the existence of which belittled the role ofthe party and the masses, debased the role of collective 
leadership inthe party and frequently led to errors in practice, 


The Leninist thesis of the coexistence of the two systems is based on the priciple of the great advantages 
of the socialist system over the capitalist system and rejects as unscientific the ideas our enemies have espoused 
concerning the exporting of socialist revolutions, 


The Leninist principle of the peaceful coexistence of the two systems finds ever increasing international 
recognition. 


The ideas expressed in the report of the Central Committee of the Twentieth Congress of the Party on 
the possibility of eliminating war in modern times contain striking perspectives for achieving world-wide peace, 
for attracting the masses to the holy fight for peace and friendship among peoples. 


Refuting a dogmatic approach to the study of Marxism-Leninism, our Party believes that there is no fatal 
inevitability of wars in our time and believes that the more actively peoples espouse the cause of peace, the 
greater is the guarantee of a strong and’ lasting peace. 


The report clarified Leninist principles concerning the forms of transition of different nations to socialism. 
The thesis of the prossibility of utilizing a parliamentary path for the transition to socialism also offers new 
perspectives in the fight of nations for socialism. 


A distinguishing characteristic of the report of the Central Committee of our party to the Twentieth Con- 
gress was that it touched upon all facets of the life of our nation, all problems of international and internal 
politics. The report is concerned not only with penetrating and significant idealogical problems but also in- 


dicates methods of solving them and perspectives for the advancing movement of peoples toward peace and 
friendship and toward communism. 


In the Directives of the Sixth Five-Year Plan of development for the national economy of the USSR, the 
Congress outlined the following basic tasks of the new Five-Year Plan: on the basis of the development of 
heavy industry, continuous technological progress and increasing productivity of labor, to secure further develop- 
ment of the entire national economy, great rise in agricultural production and, in connection with this, further 
increase in the material well-being and cultural level of the Soviet people. 


The evaluation of the achievements of Soviet science, given in the report of the Central Committee of 


the C, P. S. U., is of great importance for Soviet scientists and for the cause of the progressive development 
of science throughout the entire world, 


From the rostrum of the Congress, Comrade N.S, Khrushchev expressed his deep gratitude to our scientists 
for their fruitful work. 


The Directives of the Congress envision "Intensive development of science. By broadening theoretical 
research in all fields of knowledge, to heighten the role of scientific institutions in the cause of technical pro- 
gress and organization of production, Reorganization of the work of scientific -research institutes in the direc- 
tion of greater application of their activity to the concrete needs of industry”. 
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Due to the constant care of the Party and the State, there is an expanding network of scientific -research 
institutes with equipment of high technological caliber, The report noted that our scientists achieved great 
success in different fields of science, for example, in physics, geology, mathematics, mechanics, astronomy, 
zoology and in a number of branches of agricultural sciences. Soviet scientists have already solved the pro- 
blem of producing atomic energy, which is successfully utilized in the national economy of the nation. 


An important characteristic of Soviet biochemistry is the unity of biochemical theory witn the interests 
of building communism, the striving of our biochemists to more fully and rapidly utilize biochemical knowledge 
in practical life. Due to the works of Soviet biochemists, the scientific foundations of many branches of industry 
that process raw material of vegetable and animal origin and the necessary foundations for further improve - 
ment of industrial processes have been established. Of no less moment are the important discoveries that were 
made in our biochemistry and in the field of theoretical research, However, side by side with our achievements 
there are serious insufficiencies and lagging in a number of areas of biochemistry. We should utilize all our 
potentialities to raise our biochemistry to a level on which it can cope with the new problems presented our 
science by the Twentieth Congress of the C.P.S.U. 


With each new year the number of biochemical laboratories and their staffs increase, Our biochemists 
have at their disposal all that is needed to solve scientific problems of national-economic importance: higher 
institutions of education, pilot plants, and branch institutes. 


The report of the Central Committee of the C. P. S. U. notes the lack of coordination of the work of the 
institutions of the Academy of Sciences, branch institutes and higher institutions of education. At present the 
situation still exists whereby work is being carried out by the Academy of Sciences which should be carried 
out by branch institutes, 


The Directives of the Congress envision research in many fields that are of scientific and national-eco- 
nomic importance, 


The center of scientific thought, the Academy of Sciences of the USSR should continuously work on the 
realization and application of important theoretical research to daily needs, 


In the Sixth Five-Year Plan, along with the fulfillment of work on the creation of atomic power plants 
and atomic electric-power stations and their construction, Soviet scientists must carry out intensive research 
on effecting thermonuclear reactions, which yield energy via the formation of helium from hydrogen. The 
problem of energy sources should be resolved in this manner, 


The "front" of scientific research on the peaceful utilization of atomic energy in the Sixth Five-Year 
Plan will be substantially broadened in all its many aspects. 


In connection with the historic resolutions of the Twentieth Congress of the C.P.S.U., Soviet biochemistry, 
faces problems of primary importance of both theoretical and practical nature. Knowledge of the basis of life 
phenomena presents modern science with a problem, the significance of which is fully as great as that of pro- 
blems of the physical nature of the atomic nucleus and semiconductors, The great and numerous possible areas 
of practical application of advances in this field cannot be fully enumerated; let it sufficé to mention some of 
them. 


The development of biochemistry, microbiology and chemotherapy during the last decades has immea - 
sureably reduced the suffering caused man by infectious diseases, and, it may be said that thanks to this, medi- 
cine is directly approaching complete mastery of methods of fundamentally combating infectious diseases and 
diseases of the cardio-vascular and nervous systems. The object of current biological research is the clarifi- 
cation of the nature of diseases that consitute the most serious threat at present to the health of mankind: first 
of these is cancer, then virus diseases and diseases of the cardio-vascular and nervous system, There is no doubt 
that discovery of rational means of combating these diseases must be based on intensive and complete know}t- 
edge of the biochemical processes that accompany the corresponding diseased states of the organism. 


The study of the processes of energy transformation of sun light to the chemical energy of food substances 
in the processes of photosynthesis may offer the possibility to man of utilizing untapped sources of energy that 
accumulate on our planet with an efficiency many tens of times greater than the present level. 
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Thorough knowledge of the biochemical] foundations of genetic phenomena will provide a means for con- 
trolling very important processes in living organisms in a manner similar to that attained by physics in the field 
of phenomena that take place in the nuclei of atoms, With the entry of mankind into a new era, into the “atomic 
age", the knowledge of all the possible effects of these powerful new physical factors on the human organism 


will be of tremendous and perhaps decisive importance for the destiny of mankind not only «for the present but 
all suceeding generations. 


Among the most important and pressing problems of Soviet biochemistry is the problem of protein. We 
biochemists do not consider proteins to be an object of isolated chemical and physical investigation, since the 
study of the structure of protein and its important biological functions — enzymatic, structural, hormonal, im- 


munological and others ~ is necessary in the final analysis for the knowledge of the exchange processes of the 
substances of living organisms and for control of these processes, 


Aside from important theoretical aspects, a number of practical problems of great medical and national- 
economic importance are closely associated with the problem of protein. 


The Presidium of the Academy of Science, in its recent statement on protein, suggested in the near future 
that attention be directed toward solution of the following most important problems: 


1) Study of the structure and physical and physicochemical properties of proteins and nucleic acids, 
2) Synthesis and biosynthesis of peptides and proteins, 

3) Catalytic functions of proteins, 

4) Variability of proteins. 


Exceptionally important problems confront biochemistry in connection with raising the productivity of 
animal husbandry, raising the harvest of agricultural crops, selection of new, more productive, plant varieties 


and also basic improvement of the technology of food-product production, raising its quality and decreasing the 
loss of biological raw material during storage, 


The importance of the cited problems (their number might have been considerably expanded) for the well- 


being of our nation is so great that they certainly merit great attention from our biologists,in general, and from 
biochemists, in particular. 


The great advances achieved in a number of areas of biochemistry are chiefly due to tne wide-spread 
utilization of continuously improving new methods of chemical and physical investigation. One of the most 
important problems facing research institutions, on one hand, and industry, on the other, is the equipping of 
biochemical institutions with the latest physical equipment necessary for carrying out work on the modern 
level. Our industry should secure continuous improvement of apparatus for experimental work, 


Along with physical equipment, modern biological research demands a great variety of special reagents 
and compounds both prepared synthetically and from natural sources (preparations of enzymes, amino acids, 
biologically active substances and, in particular, compounds of a more complex nature, labeled with radio- 
active isotopes). In this respect also the supply of biochemical institutes and laboratories with the necessary 


materials should provide favorable conditions for further sharp rise in the level and increase in the volume of 
the research, 


iy 


We cannot say that the physical and chemical instruction of workers that attend biochemical institutions 


at present corresponds to the growing needs of experimental research. Because of this, we must devote special 
attention to the instruction of biochemical cadres. 


The report of the Central Committee of the C,.P.S.U. to the Twentieth Congress of the Party stated that 
the thesis of peaceful coexistence of nations with different sociopolitical systems cannot apply to the field 
of ideology and that the battle against reactionary ideology must continue unabated, This position places a 
great responsibility on the shoulders of scientific workers with respect to the treatment of Marxist-Leninist theory 
and dialectical-materialistic generalization of the achievements of modern science. 
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Both the report and the statements of the delegates noted that one of the great defects in the organization 
of the work of the scientific-research institutions of the nation is the weak link of science with production. The 
Directives envision a greater rapprochement between scientific -research institutions and their industrial bases. 
The concentration of the main bulk of the scientific institutes and higher institutions of education in the center 
of the nation, independent of their specialization, is abnormal, Hence, this is the reason for the lack of co- 
ordination of scientific -research institutions with their industrial objectives. 


In this connection, problems of strengthening the scientific institutions of branches of the Academy of 
Sciences of the USSR and organization of planned research in the field of biochemistry are of great importance. 


The deep gratitute resounding from the rostrum of the Congress places great obligations on the shoulders 
of Soviet scientists, Soviet biochemists will bend all their efforts, knowledge, experience and ability to the 
cause of further progressive development of Soviet science, elimination of defects in work, increase in the role 
of science for solving practical problems of communist building. 
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THE NUTRITIONAL VALUE OF SOME INVERTEBRATES 


AS FOOD FOR FISH 


E. M. Malikova 


Latvian Section of the All-Union Scientific Research Institute for 


Marine Pisciculture and Oceanography, Riga 


The present scale of hydro-construction in the Soviet Union has resulted in extensive reorganization of the 
entire hydro-economics of our land, Entirely new reservoirs are being established, the hydrological regime of the 
old reservoirs is changing, and the ecological living conditions of aquatic organisms are being disturbed, The 
breeding and feeding conditions of migratory and semi-migratory fish have changed, as it is now possible for one 
invertebrate fauna to be replaced by another, The introduction of new varieties of fish into reservoirs has also 
become feasible, The question of the biological productivity of reservoirs has therefore become even more im- 
portant. Problems of artificial reproduction of valuable varieties of fish, the natural spawning of which has be- 
come disturbed for any reason, have also become very urgent, 


One criterion for the biological productivity of a given reservoir, and also a starting-point for the develop- 
ment of formulations for artifical feeding, with nutritional qualities not inferior to the physiologically complete 
natural diet of the fish, must be a detailed study of the nutritional value, including the biochemical composition, 
of edible invertebrates, both those which inhabit natural reservoirs, and those cultivated as living food for fish, 


At the same time, little is known at the present time concerning the chemical nature of food which is phys- 
iologically complete for young fish, The data available in the literature on the chemical composition of vari- 
ous invertebrates refer most frequently to the water, carbohydrate, and fat contents and the total amounts of ash 
and protein. Some papers contain data on amounts of individual ash elements and calculations of the calorific 
food value of some invertebrates without reference to the amino acid composition of their proteins, Information 
on the amino acid content of proteins could be found only for molluscs [1-15], However, the food value of dif- 
ferent proteins depends on the amino acid composition. The amount of protein used in the calculation of the 
calorific value of a food can in no way indicate the quality of the protein or its nutritional value, The living 
organism requires biologically valuable proteins which contain all the essential amino acids, 


The information available in the literature on the vitamin content of invertebrates and on the requirements 
of fish for various vitamins is equally scanty, despite the fact that the presence of vitamins determines the abili- 
ty of the animal organism to assimilate the minerals and proteins present in the food [8, 9, 14, 16-23]. 


There are indications that fish probably require the same vitamins as the warm-blooded animals, but are 
able to live much longer without vitamins, It is considered that absence of vitamin B has a particularly marked 
effect on fish, The disturbances which arise are repaired slowly and with difficulty, and may become irreversi- 
ble in the case of advanced deficiency, After By-avitaminosis, the next most serious deficiency in fish is held 
to be A-avitaminosis, It has been found that in the absence of vitamin A skin pigment is lost and the fins be- 
come brittle, Absence of vitamin C has practically no effect on fish, D-avitaminosis is accompanied by slight 
changes, quickly restored, possibly by specific biosynthesis of vitamin D, which is believed to be present in the 
fish organism, Certain experiments have shown that when fish are fed on a diet lacking vitamin Dg its reserve 
in the liver was not exhausted, On the other hand, in other experiments, Gambusia did not develop in absence 
of vitamin D3, ceased to reproduce, and grew badly, It has been noted that newly hatched trout need biotin, 
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Because of the scanty knowledge of these matters, we have carried out fuller investigations of certain in- 
vertebrates often used as fish food, 9 invertebrates were studied from different groups; from the insects, Corixa 


and larvae of Chironomus plumosus and of Phriganea sp,; from the soil oligochaeta, Enchytraeus albidus; from 
the molluscs, Limnaea ovata and L, stagnalis; from the crustaceans, Daphnia pulex and Gammarus pulex, In 


addition, one representative of marine fauna was studied, Mesidothea entomon, The following were determined 
in all these organisms; moisture, dry residue, protein, fat, carbohydrate, ash, calcium, phosphorus, iron, and cer- 
tain amino acids; tyrosine and tryptophan of the cyclic acids, arginine and histidine of the basic, and cystine 
and inethioinine of the sulfur-containing; also vitamins By B,, A, and carotene, 


For comparison, the same investigations were carried out on 5-month old Baltic salmon and also on the 
liver and spleen of cattle, frequently used as food for fish. 


The fresh-water invertebrates were collected in the summer from ponds and tributary streams at the "Tome" 
fish- breeding station in the Latvian SSR, Mesidothea entomon were obtained from Riga bay, 


The entire organisms were used for all the investigations, The ash elements and fat were determined in the 
dried and powdered material; amino acids and vitamins were determined in hydrolyzates and autolyzates of 
fresh, recently obtained material, 


Calcium was determined by a modified volumetric method, which was essentially as follows, The dry sam- 
ple was ashed, The ash was dissolved in 5-6 ml of hot concentrated HCl diluted with twice its volume of water, 
The solution was taken to pH 8,3 against phenolphthalein in a 25 m1 measuring flask, 2-3 drops of 0.1% phenol 
red and 1;1 hydrochloric acid were then added until a pink color was again produced (pH 2), 0.5 ml of concen- 
trated acetic acid, and 5 ml of 20% sodium acetate were then added to the flask and the solution made up to the 
mark with distilled water, A definite amount of the solution was taken into a centrifuge tube and the calcium 
was precipitated as calcium oxalate by prolonged warming on a water bath, direct in the centifuge tube, For 
this, 5 m1 of the solution was mixed with 1 ml of 3% oxalic acid and 4 ml of 3% ammonium oxalate, for an orig- 
inal sample weighing 0,2-0.3 g of the dry material, After twenty-four hours the precipitate was centrifuged, de- 
canted, washed thoroughly 4-5 times with 2% ammonia and water with stirring by means of 2 glass rod, dissolved 
in hot 25% sulfuric acid, and titrated hot with 0.05-0.1 N KMnO,. It is not recommended to filter off the residue 
during permanganate determination of calcium, as repeated parallel determinations suggest that high values are 
obtained for calcium with filtration, 


Iron was determined by Obraztsov's colorimetric method, Phosphorus was determined by Neumann's titra - 
tion method, and fats by simultaneous extraction of several samples in a*Soxhlet apparatus, Empty cases made 
from filter paper were first subjected to prolonged extraction with dry ether, The cases were dried to constant 
weight, weighed in weighing bottles, and filled with the powdered material, The fat extraction was continued 
for not less than 10-12 hours, and the cases were then dried to constant weight and weighed in the same weigh- 
ing bottles, The amount of fat was found by difference. Parallel determinations carried out by this method gave 
results in good agreement, ° 


Carbohydrates were determined by difference; proteins by the Kjeldahl method [24], 


Acid hydrolysis was used for determination of the basic and sulfur-containing amino acids, and alkaline 
hydrolysis for the cyclic amino acids [25], Arginine, histidine, and methionine were determined in the same 
hydrolyzate, For the hydrolysis, about 3 g of the raw material was weighed out into a test tube on an analytical 
balance, 3 ml of 22% HCl was added to the sample and the test tube was held in a boiling water bath under re- 
flux for 12 hours, At the end of the hydrolysis the hydrolyzate was decolorized with 0.25-0,3 g of animal char- 
coal and filtered while hot into a 50 ml measuring flask, The charcoal on the filter was repeatedly washed 
with distilled water and the filtrate was made up to the mark with the wash waters, 


Arginine and histidine were determined in the phosphotungstate fraction of the diamino acids, To precipi- 
tate the latter, 5 ml of the hydrolyzate was neutralized in a centrifuge tube with 5% NaOH to a weakly acid 
reaction and precipitated with 3 ml of 20% phosphotungstic acid dissolved in 5% H,SOQ,. The precipitate was 
held 12-15 hours at 0°C. in a refrigerator, and it was then centrifuged off, washed twice with 5% phosphotung- 
stic acid solution, suspended in 3 ml of distilled water, and dissolved in 4-5 ml of 5% NaOH, The solution was 
made up to 25 ml with distilled water, 


For the arginine determination, 1 ml of the solution of phosphotungstate fraction of diamino acids was 
taken into a test tube, 1 ml of a standard solution of arginine chloride solution of definite concentration (0,20- 
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0.25 mg of arginine chloride per 1 ml) was placed into another test tube, To each test tube 3 ml of distilled 
water, 1 ml of 10% NaOH, and 1 ml of 0.1% alcoholic solution of a-naphthol was added; each solution was 
mixed and held at 0°C. for 30-60 minutes, 1 ml of hypobromite* was then quickly added to each and, 10-15 
seconds later, to remove excess, 2 ml of 40% urea previously cooled to 09°C. was added, The solutions were 
then immediately examined in a microcolorimeter, Since the rose-red color of the complex formed by the 
guanidine group in ariginine with a- or B-naphthol and hypobromite quickly attains a yellow tinge, the color 

in the standard solution was produced separately for each test, For a large number of determinations it is possible 
to use, as standard, a phosphotungstate fraction obtained from some protein hydrolyzate (meat, casein, etc.) in 
which the arginine content had previously been determined, If chloroform is added to such a hydrolyzate, its 
arginine content remains unchanged for many months, 


Histidine was determined as follows, 3 ml of saturated scdium carbonate solution, 3 ml of distilled water, 
and 2 ml of diazo reagent was put into each of 2 test tubes, The test tubes were held for 20 minutes at 0°C. in 
a refrigerator, Then 2 ml of the diamino acid phosphotungstate fraction was added to one of the tubes, and 2 ml 
of a standard solution of histidine chloride of known concentration (0.5 mg per ml) to the other, The colorimet- 
ric determination was carried out 2 minutes after the maximum intensity of the orange-red color produced by 
histidine with p-diazobenzenesulfonic acid had been reached, This color is unstable and therefore it was again 
produced separately in the standard solution for each test, 


The diazo reagent used for histidine determination was kept for 10-15 hours at 0°C, after preparation, In 
contrast to freshly prepared reagent, this gave good and stable colorations and remained fit for use for twenty- 
four hours, The reagent was prepared by the addition of 3 ml of freshly prepared 5% sodium nitrite in 1 ml lots 
at 5 minute intervals to a mixture of 10 ml of 2% hydrochloric and 10 ml of 0,5% sulfanilic acids, 


As already stated, methionine was determined in the same hydrochloric acid hydrolyzate as was used for 
precipitation of the phosphotungstate fraction of the diamino acids, For this, 10 ml of the hydrolyzate was neu- 
tralized with 10% NaOH in a large graduated tube fitted with a ground glass stopper. Then 1 ml of 14 N NaOH, 
1 ml of 1% glycine, and 0,3 ml of 10% sodium nitroprusside were consecutively added, with the precipitate form- 
ed being ignored; the tube was kept 10 minutes in a water bath at 40-45°C, and 2-3 minutes in cold running 
water, 5 ml of a mixture of strong hydrochloric and phosphoric acids (HC1: HPO, = 9:1) was then added, the 
tube was stoppered, and shaken for 1 minute, A red color developed, the intensity of which varied with the 
methionine content, .caused by the reaction of sodium nitroprusside with the SH groups formed by demethylation 
of methionine, The open tube was then held for 10 minutes in a water bath at room temperature and the solu- 
tion was brought up to the mark (20-25 ml) with distilled water, The methionine was determined with the aid 
of an FM type universal photometer with an M-53 light filter, The optical density was read off on the red scale 
of the photometer, The optical density was converted into the quantity of methionine in micrograms with the 
aid of a graph previously calibrated for methionine, Interference by histidine and other imidazole compounds 
was prevented during histidine determination by the addition of large amounts of alkali, while that of tryptophan 
was prevented by its destruction during acid hydrolysis and strong cooling before acidification, 


Cystine was determined in a separate acid hydrolyzate, 3 ml of 22% HCl was added to about 3 g of the 
material, and this was hydrolyzed for 12 hours on a boiling water bath, The filtrate, without being decolorized, 
was filtered hot into a 25 ml measuring flask, The filter was washed with hot water and the filtrate was made up 
to the mark with the wash liquors, This gave a solution of amino acids in 2.64% HCl, The hydrolyzate was de- 
colorized by kaolin in this acidity range to a pale yellow color which did not interfere with the subsequent col- 
orimetry; only 3,5-4% cystine was lost in the process, At higher acidities kaolin did not absorb cystine at all, 
but the decolorization was not good and the residual brown color interfered with colorimetry [26]. 


For the cystine determination 10 ml of the hydrolyzate was decolorized by shaking it for 5 minutes with 1 g 
of kaolin, The suspension was filtered through a dry filter, 3 ml of 1% sodium sulfite was added to 4 ml of the 
filtrate, followed after 2 minutes by 5 ml of saturated NaHCO, solution and 1 m1 of Folin's reagent (phospho- 18- 
-tungstic acid), After 10-15 minutes, while a blue color developed, the solution was made up to 25 ml with 1% 
sodium sulfite, A color was simultaneously produced in the same way in a 0,02% standard cystine solution made 
in 1 N HCl, The color produced by cystine is stable, The standard solution is suitable for use for 20-30 minutes, 


The hypobromite was prepared beforehand by dissolving 0,5 ml of bromine in 100 ml of 5% NaOH, 
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and it was therefore prepared once only for a series of paralle] determinations, 


In determinations of tyrosine and tryptophan, constant acidity of the solutions was maintained throughout 
the analysis -- during decolorization of the hydrolyzate, during precipitation of the tryptophan mercury com- 
pound, and during the colorimetric determination [27], 


1,5-2 g of the raw material was taken for hydrolysis, 5 ml! of 20% NaOH was added, and the liquid was 
heated for 12 hours under reflux on a boiling water bath, The hot hydrolyzate was neutralized by 8 N H,SO, 
decolorized with 0,5 g of kaolin, and filtered into a large centrifuge tube or measuring cylinder, The filter was 
washed thoroughly with hot distilled water to give a final volume of 20-22 ml, The tryptophan mercury salt 
was precipitated in the filtrate by the addition of 3 ml of 15% HgSO, dissolved in 6N H,SQ,, If the centrifuge 
tubes had a sinall volume and the hydrolyzate was filtered into a measuring cylinder, the filtrate was divided 
equally between two centrifuge tubes, Tryptophan was precipitated in each by addition of 1.5 ml of 15% HgSO,, 
After 12-15 hours the precipitate was centrifuged and the liquid decanted into a 50 ml measuring flask, If one 
sample was precipitated in two centrifuge tubes, the liquid from both was decanted into the same measuring 
flask, The precipitate was then washed with 3 ml of 1,5% HgSO, dissolved in 2N H,SQ,, and the wash liquor was 
poured into the same measuring flask, 7.5 ml of 15 N H,SO, was added to the filtrate and the solution was made 
up to the mark, The “reserve solution” so obtained was used for determination of tyrosine, while tryptophan was 
determined in the residue in the centrifuge tube, The amounts of reagents used were calculated to give an acid- 
ity equivalent to 3 N H,SO, in 50 m1 of solution, 


A “working solution" was then prepared for the tyrosine determination, For this, 10 ml of the "reserve solu- 
tion" was taken into a 25 ml measuring flask, To this 5 ml of water and 2 ml of 15% HgSO, dissolved in 
6 N H,SO, was added, These proportions of the reagents gave a solution containing 2,058 g of H,SO, in 25 ml, 
or a solution equivalent to 1,6-1.7 N H,SO,, which corresponds to the optimum colorimetric conditions, If a less 
intense color was required, several ml of the “reserve solution” was replaced by an equivalent amount of pure 
3. N HgSO, solution, The standard was 1% “reserve standard solution" of tyrosine in 3 N H,SO,, which can be 
kept for a long time on addition of chloroform, This was used for preparation of a "working standard solution” 
in which the color was produced, immediately before the determinations, This solution was prepared in the same 
way as the working solution under test, The volume of the reserve solution taken depended on the tyrosine con- 
tent of the sample, For ease of calculation a table was used which gave the amounts of the reagents (Table 1). 


TABLE 1 The working standard and test solutions prepared 

in this way were held exactly 5 minutes in a boiling 

water bath, cooled rapidly, and 1 ml of freshly prepared 

2% NaNOg solution was added to each, Alier 5-4 min- 

utes the samples were made up to the mark with dis- 
15% HgSO, tilled water and the colorimetric determinations were 

| 3.NH,SO,| in 6 N H,SO, carried out immediately, The color, caused by the 


Composition of Reaction Mixtures for Tyrosine Deter- 
minations (in ml) 


Volume of standard 
or test solution in 
N H,SO, | 


| water 


Millon reaction, is fairly stable for 10-15 minutes, and 
therefore only one standard solution was made each 
time for parallel determinations, 


Tryptophan was determined in the precipitate, The 
precipitate was thoroughly mixed with 5 ml of 1 N HCI 
and held for 30 minutes in a boiling water bath, If two 
centrifuge tubes were used for the precipitation, the 
precipitates were combined after being dissolved, The 
solution formed was filtered into a 10 ml measuring 
flask, The filter was washed with 1 N HCl and the hy- 
drochloric acid solution of tryptophan was made up to 
the mark, 2 ml of this solution was taken into a wide 
test tube, and 2 m1 of a standard tryptophan solution into another such tube, 0,5 m1 of glyoxylic acid and 0,5 
ml of 0,01 M CuSO, was added to each, followed by the rapid addition of 5 ml of concentrated H,SO,, The solu- 
tions immediately became hot and a very stable violet color was produced, After 5 minutes the solutions were 
cooled, made up to 10 ml with 15 N H,SO,4, and determined colorimetrically, The standard used was a standard 
solution of tryptophan or an alkaline hydrolyzate of chemically pure casein, The tryptophan content of the lat- 
ter was taken as 1,7%, Usually 0.3 g of casein and 5 ml of 20% NaOH was taken for the hydrolysis, The subse- 
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method they are only 3-4%, 


solutions, 


TABLE 2 


; ture 
Material 


3 Corixa 67,85 
Chironimus 87,06 
Phriganea 79,88 
Enchytreus 82,31 
Limnaea ovata 75,42 
Limnaea stagnalis 74,66 
Gammarus 79,29 
Daphnia 89,43 
Mysidothea 77,48 
Salmon fry 77,39 
Abattoir wastes 

Liver 73,62 
Spleen 80,88 


in % 


32,15 . 


1294 
20,12 
17,69 
24,88 
25,34 
20,71 


10,57 
22,52 


23,64 


26 , 38 
19,12 


| Mois-| Diy Pro- jCa:DofCal- [rhos= 
cium | phoru Iron 


mg % on the 


residue | teins 


67,83 
62,52 
68,63 
70,15 
40,43 
43,40 
48,72 
60,36 
55,19 
78,18 


quent treatment of the casein was the same as that of the sample, 


The results of the investigations are shown in Tables 2-4, 


19,57 
2,86 
9,09 

14,53 

10,09 
5,24 
7,68 

21,76 
8,44 
8,26 


Ash 


3,67 
4,94 
6,53 
5,54 
41,44 
46,61 
28,05 
16,75 
22,92 


13,34 


Fats 


8,93 
29,68 
15,75 
9,78 
8,04 
4,78 


15 


|hydra 


% of dry weight dry weight 


0,171 
0,171 


Chemical Composition of Certain Invertebrates, Salmon Fry, and Abattoir Wastes 


1,204 
7,063 


0,508) 1,250 


0,187 


1,071 


16,170) 0,418 


24,441 


14,506 
9,60 
10,484 


3,422 


1,22 


0,247 


1,329 
1,484 
1,021 


2,278 


1,29 
1,66 


The tryptophan determination is simplified and accelerated by our procedure, which differs from the accept- 
ed methods by the rapid addition of concentrated H,SO, when the solutions immediately become heated up to 
105-107°C. anda stable violet color is formed at once, In addition, our experiments showed that, with slow 
addition of H,SO, the deviations between the results of parallel determinations are 12-13%, while in our rapid 


Vitamin A was determined by means of the Carr-Price reaction, The intensity of the blue color was meas- 
ured with the aid of the FM type universal photometer with an M-61 light filter, The carotene, dissolved in 
ligroine or aviation gasoline, was adsorbed in an Al,O, column and the color intensity was then measured with 
the same photometer with an M-47 light filter, Vitamin B,; was determined by the thiochrome method, with 
subsequent comparison of the fluorescence intensity of the isobutanol layer of the test solution with standard thia- 
mine solutions, 10% trichloroacetic acid was used for the extraction of vitamin B, and simultaneous precipita- 
tion of proteins, The enzymatic hydrolysis for determination of the total vitamin B, content was carried out by 
means of phosphatase isolated from brewer's yeast, Vitamin B, was determined by the lumiflavine method, with 
comparison of the fluorescence of a chloroform solution of the lumiflavine from the test solution with standard 


26,34 
82,03 
109,77 
26, 22 
16,63 

6,46 
149,20 
95,45 
35,44 
14,44 


42 ,69 
129,43 


Table 2 shows the data on the contents of moisture, dry residue, proteins, fats, ash, calcium, phosphorus, 
and iron in the materials studied, The results show that all the insects studied -- Corixa, and larvae of Chironi- 
mus and Phriganea — have a low content of mineral substances but a high protein content, Enchytreus is very 
close to the insects in the mineral and protein content, Molluscs, in contrast to insects and Enchytreus, have a 
high mineral content, mainly as calcium carbonate derived from the shell, The protein content of molluscs is 
much lower than that of insects and Enchytreus, 


The crustaceans have probably the highest food value from the point of view of mineral content, They have 
a high calcium content in conjunction with large amounts of phosphorus and iron, Their protein content is lower 
than that of insects and Enchytreus, but is still fairly high, 


The fat and carbohydrate contents of the invertebrates studied are not typical for the group, Coryxa, En- 
chytreus, and Daphnia have the highest fat contents, The relatively high carbohydrate contents of the inverte- 
brate organism suggest the presence of considerable amounts of glycogen, or may be attributed merely to acci- 
dental presence of carbohydrates in the contents of the digestive tract, 


13,45 

79,71} 12,22] 4,75] 3,32 

83,21} 9,52] 7,16] 0,411 
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TABLE 3 


Amino Acid Composition of the Proteins of Certain Invertebrates, Salmon 
Fry, and Abattoir Wastes 
% amino acids in the protein 
T 1 - | Arginine Histiding Cys- | Methio- 
l'yrosine | Trypto g ys- |i ) 
phan tine | nine 


Gorixa 1,64 5 : 2} 2,02 
Chironimus 2,06 1,48 
Phriganea 2,98 5,36 2,3 1,72 


Enchytreus Py 1,79 5, 62 5 1,69 


1,68 


Limnaea ovata f 
24 ‘ 1,04 


Limnaea stagnalis 2) 
Gammarus 2,24 y 1,56 
Daphnia 4,27 3,45 
Mysidothea 3,45 5,6 
Salmon fry 2,26 5 ‘ 2,16 
Abattoir wastes 


Liver 4,17 y 2,72 
Spleen 3,54 : 1,73 2,04 


Table 3 shows data on the amino acid composition of the proteins of invertebrates, These results show that 
the proteins of invertebrates are very close in their amino acid composition to the proteins of salmon fry and dif- 
fer relatively little from the mammalian proteins often used for fish food ~ liver and spleen, There are, how- 
ever, some special features, The proteins of most invertebrates contain less tyrosine, arginine, and methionine 
than the proteins of mammalian liver and spleen, Daphnia is a complete exception, witha high content of these 
amino acids in its protein, The high arginine content in Daphnia suggests that Daphnia belongs to the class of 
invertebrates in which the energy of the working muscle is accumulated and transferred with the direct partici- 
pation of argininephosphoric and not creatinephosphoric acid, Of the other invertebrates, the proteins of Phriga- 
nea, rich in tryptophan, the proteins of Corixa, rich in cystine, and the proteins of Mysidothea, greatly deficient 
in cystine, are noteworthy, The investigations showed that the proteins of all the fresh-water invertebrates stud- 
ied are biologically complete in their amino acid composition, 


Spleen protein, which is used more often than other wastes for artifical feeding of fish, is closer to the pro- 
teins of the invertebrates in its amino acid composition than liver protein, The only difference is a higher cys- 
tine content, 


TABLE 4 


Vitamin Contents of Certain Invertebrates 


in mg % on the raw weight 


vitamin By 


min farotene | Vitamin 
free total 


Material 


Corixa il | 0,049 | 0,194 | 0,313 
Chironimus 2 0,187 0,168 0,180 
Phriganea 1 9,193 | 0,289 | 0,364 


Enchytreus 0,058 nil nil 


Limnaea ovata 1,162 _ 0,279 
Limnaea stagnalis 0,062 0,152 0,223 


Gammarus ; nil 0,541 0,687 


aphni C,519| Traces! 0,236 0,255 
Miybidothea nil 0,736 | 0,767 


} 
0,583 
0,483 
0,509 
‘ 
0,134 
0,138 
0,047 3 
0,131 
0.569 
0,062 a 
176 


Table 4 contains data on the vitvmin contents, These results show that insects have a high content of vita- 
min By, which reaches 0,583 mg % in Corixa, Corixa and Phriganea also contain relatively large amounts of vi- 
tamin B, (0.313-0,361 mg %) with complete absence of vitamin A and very small amounts of carotene, Chirono- 
mus is poor in vitamin B, (0,180 mg %), and contains small amounts of vitamin A (0,231 mg %) and carotene 
(0,187 mg %), Enchytreus is extremely poor in carotene (0,058 mg %), vitamin A (0,196 mg %), vitamin B, 
(0,134 mg %) and totally lacking in vitamin By Molluscs contain fair amounts of vitamin B, (0,223-0,279 mg %) 
and small amounts of vitaminsB, (0,047-0,138 mg %) and A (0,107-0,224 mg %), Crustaceans, mainly fresh- 
water, are rich in all the vitamins determined, The content of vitamin A in Daphnia reaches 0,519 mg %}, of By 
0.225 mg %, and of By, 0.569 mg %. In Gammarus the vitamin A content reaches 0,320 mg % of B;, 0,687 mg %, 
while the content of vitamin By is lower, 0,131 mg %, Mysidothea, in contrast to Gammarus and Daphnia, con- 
tains only vitamin B, in large amounts, up to 0,767 mg %, The vitamin Bz content is low, 0,062 mg %, and vi- 
tamin A and carotene are totally lacking, 


In general, the investigations showed that the chemical composition of invertebrates which serve as fish 


food under natural conditions is extremely varied, but there is also a general chemical affinity characteristic of 
a definite systematic group of animals, 


While the insects and Enchytreus are sources of large amounts of proteins of complete amino acid composi- 
tion but contain very small amounts of mineral substances; molluscs and crustaceans, on the contrary, provide 
rather less protein but supply the fish with considerable amounts of mineral substances, Molluscs are a source of 
calcium, and the crustaceans also of phosphorus and iron, There is also a general affinity in the vitamin contents 
of the different invertebrate groups, There is no doubt that fish feeding on crustaceans are provided with the best 
qualitative and quantitative selection of vitamins, and are enabled to utilize more fully the nutrient constituents 
of their food, Fish which feed on other groups of invertebrates apparently do not have this possibility to the full, 
With only molluscs as food there may be a deficiency of the B group of vitamins; with insects as food — a de- 
ficiency of vitamin A, and with Enchytreus as food ~ a deficiency of all the vitamins studied, with signs of poly- 
avitaminosis in the fish, 


However, a given food can only be evaluated on the basis of detailed physiological investigations carried 
out on young fish grown on it, Such investigations, in good agreement with our results, are in progress in the 
Saratov Division of the Caspian Branch of the All-Union Scientific Research Institute of Fisheries and Oceanogra- 
phy, with young fish grown on various diets [6, 12, 28-30], In addition to numerous physiological investigations, 
this work contains objective evaluations of the quality of the food based on studies of the blood of young fish, 
Signs of good nutrition in fish, as in warm-blooded animals are considered to be: adequate hemoglobin content, 
erythrocyte stability, absence of pathological forms, degree of maturity of the various cellular elements in the 
blood, In addition, Drabkina [30] states that evidence of good nutrition in fish is also provided by the presence of 
large amounts of mature eosinophiles in the blood, and conversely, evidence of anemia is provided by their ab- 
sence or the appearance of immature forms, 


Our conclusion concerning the preeminence of the crustaceans for food is confirmed by other investigations, 
Drabkina [29, 30], Belyavskaya [28], and Gordienko and Tarkovskaya [6] report that young sturgeon, stellated 
sturgeon, "belorybitsa" and beluga sturgeon grown on crustaceans - Gammarus, Mysidothea, and Daphnia — 
showed good growth, a low death rate and high resistance to unfavorable external conditions (high temperature, 
oxygen deficiency, presence of effluent waters, pH variations), Blood studies showed a high hemoglobin content, 


which reached 30-50% by the Sahli hemometer, while the leucocytes showed a high content of mature eosino- 
philes (up to 13-18%). 


Our finding that the nutritional value of insects is lower than that of crustaceans owing to insufficient con- 
tents of vitamins A and B, is in agreement with the work of Konstantinov [12] and Shpilevskaya [3], Young stur- 
geon grown on Chironimus, despite a high percentage of hemoglobin and a good chemical composition of the 
body, had a decreased rate of growth, The work of these authors also confirms our view that Enchytreus does not 


provide a complete diet, and that signs of polyavitaminosis may appear in young fish fed on Enchytreus pure cul- 
tures, 


In conclusion, it may be stated that the full nutritive value of a natural diet depends on a combination of 
food substances which enter the fish organism from various groups of invertebrates, It can therefore hardly be ex- 
pected that the young fish will be physiologically complete if grown for prolonged periods on isolated pure cul- 
tures of different invertebrates, For a complete solution of the problem of the biological productivity of various 
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reservoirs it is necessary to extend such investigations by increasing the range of invertebrates studied, and of 
the substances determined in them, and by establishing the influence of external conditions on their chemical 
composition, Such investigations could provide new information on the qualitative composition of the food 
supplies in reservoirs, on the extent of the similarity of chemical composition of different species of inverte- 
brates in the same systematic group under different ecological conditions, and would create conditions for delib- 
erate control of the artificial cultivation of the young of valuable species of fish, 
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THE AMYLOLYTIC ENZYME OF SKELETAL MUSCLE 
N. S. Drozdov and N. K, Zhuravaskaya 


Chair of Biochemistry, the Moscow Technological Institute 
for the Meat and Milk Industry 


The question of the presence of an amylolytic enzyme in muscle has long remained unsettled, 


Petrova [ 1] showed that starch is split in aqueous extracts of rabbit muscle at a constant inorganic phosphate 
content, This splitting also took place in presence of phlorizin which inhibits phosphorolysis, According to 
Petrova, muscle amylase is activated by sodium chloride and by its dextrinizing and saccharifying action it be- 
longs to the a-amylases, 


In the present investigation, following on Petrova's results [1], we studied the muscles of cattle in order to 
determine the presence of an amylolytic enzyme, The principal material in the investigation was a dialyzed 
aquéous muscle extract prepared under conditions in which any microbial action was excluded, 


A piece of tissue was cut from the muscle 2-4 hours after the animal had been killed, A weighed sample 
of 40-50 g of the shredded muscle was thoroughly ground for 30 minutes with an equal volume of water with the 
addition of 0.5 ml of toluene, the slurry was centrifuged, and a measured volume of the aqueous extract was 
dialyzed against distilled water in our modification [2] of Kritsky's apparatus [3] for accelerated dialysis, After 
24 hours of dialysis at 5-10°C,, inorganic phosphates and components of the adenylic system are completely 
removed from the extract, which can then be used for investigations of amylolytic activity, 


After the dialysis, the volume of the dialyzed extract was measured, the globulin precipitate was removed 
by centrifuging, and the clear dialyzed extract ws used for the experiments, It usually had a neutral reaction, 
near to the optimum for the action of animal amylases, The experiments were therefore carried out without the 
use of buffer solutions, but the pH of the experimental mixtures was continually checked electrometrically, 


To investigate the dextrinizing effect, 20 ml of the dialyzed muscle extract was mixed with 4 m1 of freshly 
prepared 1% starch solution and 0.7 g of NaCl as activator, Parallel experiments were carried out; 1) with di- 
alyzed extract previously inactivated by heating to 100°, and 2) without addition of NaCl, The mixtures were 
placed in a thermostat at 40°, and the dextrinization process was followed for 60-180 minutes by the change in 
the color of acidified samples on addition of dilute iodine solution, 


The results of these experiments showed the presence of amylolytic activity in the muscle extracts, In ex- 
periments without addition of NaCl the action of the amylolytic enzyme was very weak, but it was quite distinct 
in the presence of NaCl, 


In addition to observations of the dextrinizing effect, the amylolytic activity was also evaluated by deter- 
minations of reducing sugars with the use of a reagent containing phosphate buffer [2], The fermentation reac- 
tion in the samples taken was stopped by the addition of ZnSO, solution and Ba(OH), used for precipitation of 
proteins, The results of these determinations were expressed in milliliters of 0,005 N NagSO, and not recalcula- 
ted in terms of glucose or maltose, since the nature of the reducing sugars formed was not studied in detail in 
these experiments, Simultaneous experiments were carried out 1) with dialyzed extract inactivated by heating, 
and 2) without addition of NaCl as activator to the mixture, 


The results of these parallel investigations of the dextrinogenic and saccharogenic activity of dialyzed aque- 
ous extracts of cattle muscle are shown, for two experiments, in Table 1, which gives the reducing power in ml 
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of 0,005 N NapS,O3 per 1 m1 of the original aqueous muscle extract (volume before dialysis), 


TABLE 1 
Dextrinogenic and Saccharogenic Activities of Cattle Muscle Extracts 


In ml of 0.005 N NagS Os the and the color with iodine 


With addition of NaCl Without NaCl Inactivated extract + NaCl 
Incubation 


time, 


ini color with reducing color with color with reducing 


iodine power iodine iodine power 


Experiment I 


Blue 
Ditto 


Experiment II 


| Blue 0.00 Blue 0,00 0.00 
Ditto a Ditto 0.00 0.00 
60 | Violet 1.63 | 0.00 0.00 
120 No color 1.82 | Violet 0.54 0,00 
210 ts 3.08 Ditto | 0.87 | 

This was necessary as the original volume of the aqueous muscle extract changes considerably during dialy- 
sis. Table 1 shows that in experiments without addition of NaCl the enzymatic hydrolysis of starch proceeds much 
more slowly, In addition, considerable fluctuations in the amylolytic activity of different muscle extracts are 
found, 


0.00 


Considerable amounts of protein were precipitated during the first few hours when the dialyzed extract was 
incubated at 40°, 


TABLE 2 
Efiect of NaCl Concentration on the Amylolytic Activity of Cattle Muscle Extracts 


Reducing power in ml of 0,005 N Na2S,Ox, per 1 ml of muscle extract 


} Experiment 5 Experiment 6 Experiment 7 
Incubation 


time, 
min, 


NaCl concentration, % 


60 2.36 


| 
| 
| 


| 
| 163 41,03 ; 057 | 0,77 | 
In order ‘i determine whether this coagulation is related to appreciable inactivation of the amylolytic en- 
zyme, experiments were carried out to study the amylolytic activity (by the increase in the reducing carbohydrate 
content) of the same extract, part of which was incubated at 40° with starch and NaCl without preliminary warm- 
ing, and part was similarly incubated after preliminary warming at 40° for 120 minutes followed by removal of 
the protein which was precipitated during the warming, The results of two such experiments are shown graphical- 


ly in Fig. 1, in which the reducing power in milliliters of 0,005 N Na)S,O, per 1 ml of the original aqueous ex~- 
tract of muscle is plotted as a function of time, 


These results show that the decrease of amylolytic activity as the result of heating the dialyzed extract at 
40° for two hours does not exceed 5-10%, despite the precipitation of considerable amounts of protein, 


In all these experiments the concentration of the activator, NaCl, was 0.3%, In an attempt to raise this to 


= 
| | 
0 | Blue | 0.00 0.00 Blue 0,00 a 
60 Ditto 0.32 0.00 Ditto 0,00 a 
150 | Violet 1,21 ‘ 0.00 0.00 = 
! 
| 
| 
| 0,8 0.8 0.3 08 | 0.3 0.8 
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0.8% in order to increase peptization of the proteins in the dialyzed extract and prevent their precipitation, we 
met with a difficulty, In contrast to Petrova's results [1], we found a retardation of the action of amylase when 
the NaCl concentration was raised above 0.3% (Table 2), This result fully agrees with the optimum concentra* 


tion of NaCl for activation of animal amylases, 


Reducing powez in-ml of 0,005 N Na,S,0; 


Time in minutes 


Fig, 1. Effect of preliminary warming of muscle extract, with par- 
tial removal of protein, on the amylolytic activity: 


1) Experiment 3 without warming; 2) Experiment 3 after warming; 
3) Experiment 4 without warming; 4) Experiment 4 after warming, 


Petrova [ 1] showed that the globulin fraction precipitated during dialysis of an aqueous extract of rabbit 
muscle activates muscle amylase, We found a similar effect, Addition of the globulins precipitated during di- 


alysis to the reaction mixture is accompanied by some, 


though slight, acceleration of the enzymatic formation 


of reducing sugars, A te: of the amylolytic activity of the washed globulin precipitate showed, in full agree- 
ment with Petrova's results, that the globulin fraction itself has no amylase activity, 


~ 


Activity in ml of 0,005 N Na,S,0, 
s SS 


40 §0 60 $0 


Fig, 2, Effect of pH on the amylolytic activity of 


aqueous extracts of cattle muscle (in citrate buffer sol- 
ution), 


All the above investigations of the amylase of di- 
alyzed aqueous extract of cattle muscle were made with- 
out the use of buffer solutions, as in the experimental con- 
ditions used there were no appreciable changes in the re- 
action of the original dialyzed extract, and its value was 
the optimum for amylase action (pH 7,0), This was con- 
firmed by a series of experiments with the use of citrate 
buffer mixtures at different pH with the same dialyzed 
extract, 


The results of these experiments are shown in Fig. 2, 
The pH values shown were determined electrometrically, 
The results show that the optimum activity of the amyl 
ase in an aqueous extract of bovine muscle is found at 
about pH 6,7-7,0, 


60 120 10 240 300 30 420 
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SUMMARY 


Dialyzed aqueous extracts of the skeletal muscles of cattle were shown to have, after removal of globulins, 
amylolytic activity associated with the albumin fraction, Muscle amylase was not found in the globulins pre- 
cipitated during dialysis, but addition of the latter has a weak activating effect on muscle amylase, Muscle 
amylase is activated by sodium chloride (optimum at about 0,3%), 


The optimum amylolytic activity of the dialyzed aqueous extracts is found at pH 6,7-7,0, When these ex- 
tracts are warmed at 40° part of the protein is coagulated; however, the loss of amylolytic activity does not ex- 
ceed 5- 1% after warming for 120 minutes, 
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FRUCTOSANS OF 


KOK-SAGHYZ 


ROOTS 


D. M. Mikhlin and B, O. Akhunbaeva 


A, N. Bakh Institute of Biochemistry, Academy of Sciences USSR, Moscow 


The carbohydrates of root rubber-bearing plants attract the attention of investigators not only because the 
reserve substances of these plants are, in the last analysis, remote precursors of rubber [1], but also because of the 
possibility of their technological utilization, Kok-saghyz roots contain up to 50% carbohydrates calculated on 


the dry weight of the root, This explains why the kok-saghyz carbohydrates form the subject of a considerable 
number of investigations, mainly in the field of plant physiology [2-4]. 


Kok-saghyz has been classified with the so-called “inulin” plants, in which the only reserve carbohydrate 
is the high-molecular polysaccharide inulin, which was formerly believed to consist only of fructose residues, 
Although the existence, in plants, of fructose compounds intermediate between the low-molecular sucrose and 
the high-molecular inulin has long been known [5], in the case of kok-saghyz no attempt has been made to de- 


termine the proportion of such fructosides in the total reserve carbohydrate content, and its variation in the 
course of the ontogenesis of the plant, 


This was due mainly to experimental difficulties, With the adoption of the chromatographic method in bio- 
chemical practice it has become possible to resolve the complex carbohydrate constituents of various plants, in- 
cluding kok-saghyz, which were formerly believed to be of the inulin group, and to identify the individual com- 
ponents. The earlier views on the chemical composition of inulin have also changed, 


As will be shown in the experimental part of this paper, inulin also contains a certain amount of glucose, 
detection and quantitative determination of which only proved possible with the use of a new, specific method, 
In addition, we were able to show, in full accordance with the generally accepted concepts of the chemistry of 
formation of high-molecular fructosans in plants [6] that in kok-saghyz roots the glucose molecule is the initial 
link in the polymeric carbohydrate chains formed by gradual addition of fructose residues by a transfructosidation 
process, 40 fructose residues and over are present in inulin for each glucose molecule, Together with the high- 
-molecular inulin on the one hand, and the lowest of the fructosides, sucrose, on the other, various other fruc- 
tosans intermediate between these extreme members of the series, were found and identified in kok-saghyz roots, 


It was found that the relative concentration of each of the components of the fructoside complex in kok- 
-saghyz changes with the age of the plant, As the plant grows and develops the amount of high-molecular fruc- 
tosides increases at the expense of the low-molecular fructosides and monoses, with inulin predominating in the 
complex, However, right at the end of the vegetative period, and during storage of the roots in winter, high- 
-molecular inulin is decomposed again into fructosides of lower molecular weight, As a result, the contents of 


these low-molecular compounds in second-year vegetative roots greatly increase in the early spring, The rela- 
tive content of inulin decreases sharply at the same ‘time, 


All this leads to the conclusion that a reversible conversion of low-molecular fructosides, including sucrose, 
into compounds of higher molecular weight occurs, depending on the physiological state of the plant, in kok- 
-saghyz roots, Inulin is the final stage in this process, These reversible transformations are brought about with 


the aid of enzymes, which have been isolated from kok-saghyz and the action of which on various groups of car- 
bohydrates of the plant were studied, 
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EXPERIMENTAL 


Methods 


The carbohydrates of kok-saghyz roots were studied by two methods; 1) fractional extraction, first with al- 
cohol, and then with cold and hot water, and 2) paper chromatography, Roots of two seasons (1952-1954) were 
studied, and only roots of the first year of vegetation were taken, 


The shredded root mass was immersed rapidly into boiling 82% ethyl alcohol, It was then extracted with 
boiling alcohol on a water bath in a flask under reflux for 6 hours, Monosaccharides and sucrose entered the al- 
coholic solution, A check showed that extraction was complete in these conditions, 


The alcohol was distilled off, A weighed sample of the residual syrup was taken, dissolved in water, and 
used for the analysis, 10 or 20 ml of the solution, according to the sugar concentration, was taken for determina- 
tion of reducing sugars by Bertrand's method, and glucose was determined separately by Willstatter and Schudel's 
method [7], The fructose content was calculated from the difference of these two determinations, 


Sucrose was determined in another portion of the solution after hydrolysis. for 1 hour with 1 N HCl followed 
by neutralization with NaOH, Reducing substances were determined in the hydrolyzate by Bertrand’s method, 
and fructose was determined separately by a colorimetric method (with resorcinol), Similar procedure was fol- 
lowed with the aqueous extracts obtained by extraction of the residue, after distillation of the alcohol, first with 
cold and then with hot water for 24 hours at 20°, 


For hemicellulose determination, a measured volume of the aqueous extract was hydrolyzed with 1% H,SO, 
and then neutralized, 


The chromatographic separation of the kok-saghyz carbohydrates and the quantitative determinations of the 
individual components were carried out as follows, 10 g of fresh roots was frozen in solid carbon dioxide and 
ground in a mortar, The macerated mass was transferred into 40 ml of boiling distilled water, and this was heat~- 
ed for 2 hours on a boiling water bath, Under such conditions enzymatic changes in the sugars during treatment 
are unlikely, A solution of lead acetate was added dropwise to the extract till precipitation ceased, The vol- 
ume was made up to 50 ml and the liquid was filtered, 0.01 ml portions were taken from the clear liquid in a 
micropipet and placed on chromatographic paper ("Leningrad" No, 2), which was then placed in a chamber with 
solvent for 48 hours, 


Separation of. the fructosides and development of the chromatogram was carried out by the method described 
by Oparin and Bardinskaya [8], It is seen from the chromatogram (see f igure) that this resolves the fructoside 
complex of kok-saghyz roots into a number of components which form separate spots, The glucose spot was iden- 
tified with the aid of aniline hydrophthalate as developer, The corresponding spots (5 and 6 in the chromato- 
gram) were cut out and the carbohydrates from them were extracted, hydrolyzed, and analyzed, Fructose was de- 
termined colorimetrically, and glucose by the glucose-oxidase method [9]. 


Fractionation results 


The data obtained in investigation of the composition of the kok-saghyz carbohydrates by the fractional ex- 
traction method are shown in Table 1, 


This shows that a considerable part of the kok-saghyz carbohydrates passes into the alcoholic solution, This 
fraction consists of mono- and disaccharides, Analysis showed that the monoses at various vegetative stages con- 
sist of aldoses only, Since no aldoses other than glucose have been found up to now in kok-saghyz roots, it seems 
probable that the only monose present in the roots during the vegetative period is glucose, This is confirmed by 

the agreement between the values obtained before hydrolysis for reducing substances and for glucose (by a speci- 
fic method), 


However, wintered roots also contained a certain amount of free fructose before the start of the vegetative 
period (4/ 15/ 1953). 


The disaccharide was sucrose, The contents of free glucose and sucrose decrease as the plant grows and 
develops. 


As regards other fructosides apart from sucrose, extraction with cold water showed the presence of considera- 
ble amounts of relatively low-molecular fructosides in kok-saghyz roots, as inulin is practically insoluble in cold 
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TABLE 1 
Carbohydrate Contents ..: Kok-Saghyz Roots 


In g per 100 g dry weight 


In g per 100 g dry weight 


___Harvesting dates 
Carbohydrates determined 5.16 | 9.3 |9.18]10.6 | 11.15 4.15— 
1952 | 1952] 1952] 1952 | 1952 | ‘1953 - 


Extraction 


Reducing substances before hydrolysi 1,9] 6,6 


82% alcohol Total reducing substances before 2,3] 1,5] 2,3] 6,7 | 17,5 


Glucose before hydrolysis 3} 0,4] 0,2) 0,1) 1,9] 4,6 
Fructose after hydrolysis 1,2] 0,6] 41,2] 2,4] 7,4 


‘Total before 6,3 8,3] 13,6 | 4,6 
Cold Fructose after hydrolysis 6.4] 9,8] 3,7 
water 


Total reducing substances before 7,8| 3,4 
hydrolysis 


| Fructose after hydrolysis 3 


Total reducing substances 26,0 
1% Hemicellulose 5 3,7] 41,6 
TABLE 2 


Relative Contents of Glucose and Fructose in Different Spots Isolated from the Chroma- 
tograms 


Harvesting date 


TABLE 3 


Hydrolysis of Kok-Saghyz Carbohydrates by Acid and. by “Inulase” and 
Yeast Invertase Enzyme Preparations 


In g of reducing substances 


Enzyma- Acid Extent of enzyme 


Enzyme Carbohydrate fraction | tic hy- | hydrolysi hydrolysis as % of 
drolysis acid hydrolysis 


I fraction (alcohol extrac; 0,9 2,6 34 
ifica- | II fracti 


frdction(cold water 
extraction) 


I fraction 


2nd {fica-_| Il 
lll 


I fraction 


east 
nvertase lll 


6/10 7/1 10/ 12 
No, 
lucose : fructose 

1 1:1 1:9 1: 0.9 = 
2 1:2 1:2 1;2 
3 1: 3,2 1; 3,3 1: 3,2 
4 1; 4,5 1:4 1:4 
5 1:5 1:5 1: 4.8 
P 6 1: 5.6 1: 6.4 1:6 4 
a 02 | 2,6 7,6 = 

0,3 6,1 4,9 

0,8 19,3 4,4 
4 0,9 2,6 34 
) 2,0 6,4 32 
185 


water, The ratio between the content of these low-molecular fructosides and 
the inulin content varies in the course of ontogenesis, At the very beginning 
of the vegetative period the low-molecular fructosides soluble in cold water 
comprise more than a half of the fructoside compounds, Their relative con- 
tent then decreases, while in winter it again prevails over the inulin content, 
The biochemical carbohydrate conversions in kok-saghyz roots do not cease 
even during the winter resting period, 


By chromatographic separation of the carbohydrates of kok-saghyz roots it 
is possible to study the separate carbohydrate components of this plant rather 
more closely, The chromatogram (see figure) showed six clearly defined spots, 
corresponding to the same number of individual compounds, All the spots con- 
tain some glucose in addition to fructose (Table 2), With due allowance for the 
complexity and possible errors of the methods used, it may be concluded from 
the results of Table 2 that each consecutive member of the series of isolated 
fructosides differs from its predecessor by one fructose residue, and that they are 
all formed from sucrose by consecutive additions of a single fructose residue 
(trans fructosidation), 


Enzymatic hydrolysis of kok-saghyz carbohydrates 


After it had been established that kok-saghyz roots contain a series of 
fructosides the formation of which can be attributed to a transfructosidation 
mechanism, it seemed appropriate to attempt to isolate the enzyme or en- 
zymes which catalyze this process, Transfructosidation is usually attributed to 
a little-known enzyme termed "inulase", which has been found in the Jerusa- 
lem artichoke among other plants [10], The relationship between plant inu- 
lase and invertase, which also produces a series of fructosides by its action on 
cane sugar by a reaction which may be a transfer of fructose residues, remains 
unknown, 


Kok-saghyz inulase was isolated and purified to some extent, The action 
of preparation purified to different extents was compared with the action of 
yeast invertase, Edelstein and Bacon's method [10] was used for isolation of 
invertase, 


The purification was carried out as follows, 24 g of (NH,)gSO, was added 
to 1,28 liters of filtrate, The precipitate was filtered off, dried between filter 
papers, and triturated with 80 ml of water; the mixture was centrifuged, and Chromatogram of carbohy- 
the liquid was dialyzed for 1,5 hours against tap water at 8°, The activity of drates of kok~saghyz roots; 
this first-purification preparation was then tested on various fractions of kok- 
-saghyz root carbohydrates, Acid hydrolysis with 1 N HC} for 1 hour at 100° 
was taken as complete hydrolysis, The results are shown in Table 3, 


1-6) Numbers of spots, 


It is seen from Table 3 that the activity of kok-saghyz inulase preparations toward high-moleculer fructo- 
sides insoluble in cold water remains constant at different stages of purification, At the same time, the activity 
toward cane sugar and other low-molecular fructosides extracted by cold water decreases, 


Yeast invertase, however, retains its activity both toward sucrose and toward inulin, This gives cause to be- 
lieve that plant inulase is not identical with invertase, Both enzymes are present in kok-saghyz roots and may 
be separated during purification by precipitation with ammonium sulfate, 


SUMMARY 


It was shown by fractional extraction and paper chromatography that the carbohydrates of kok-saghyz roots 
contain, in addition to inulin, a mixture of monoses, sucrose, and other low-molecular fructosides, 


Glucose is contained in all the fructosides, Inulin was found, by a specific glucose-oxidase method, to con- 
tain 2.3% glucose, At the end of winter storage free fructose appears in the roots together with glucose, 
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The constituents of the carbohydrate complex in kok-saghyz are in dynamic equilibrium, During the entire 
period of plant growth, fructosides of greater molecular weight, including the polyfructoside inulin, are formed 
at the expense of the low-molecular compounds, The process is reversed during the winter resting period: the 
high-molecular fructosides are split into low-molecular compounds and even into free fructose, Hence the for- 
mation of various fructosides in kok-saghyz roots can be attributed to reversible transfer of fructose residues to 
glucose and sucrose (transfructosida tion), 


Kok-saghyz roots were formed to contain enzymes which hydrolyze the various carbohydrates in the plant, 
By repeated precipitation with ammonium sulfate it is possible to bring about partial separation of the enzyme or 
enzymes which attack sucrose and other low-molecular fructosides from “inulase”, which splits inulin, Yeast in- 
vertase attacks all the fractions of the carbohydrate complex of the kok-saghyz roots, 
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PROTEINS OF WHITE VETCHLING (LATHYRUS SATIVUS L.) GRAIN 
V. G. Klimenko 


Laboratory of Plant Biochemistry, the State University, Kishinev 


The grain of the vetchling is usually considered to be a cultivated plant product of doubtful food value, it 
is believed to contain phytic acid, which causes degeneration of nervous tissue in animals[1], However, it has 
been proved that vetchling grain does not contain phytic acid, It was found that it is not the vetchling grain, 
but the vetch, which may be found as a contaminant in vetchling grain, which is toxic, The toxicity of various 
vetchling species has been studied in several investigations, which show that white vetchling has no toxic proper- 
ties [2-5]. Recently it has been established that the toxicity of vetchling grain may be due to selenium which, 
by reacting with the sulfur-containing amino acids in the proteins, disturbs the enzymatic activity of the animal 
tissues [6]. The presence of selenium in the vetchling grain is the consequence of its occurrence in the soil, from 
which it is assimilated by the plants, Thus, the true cause of the toxicity of vetchling has been found, 


Both green and ripe vetchling grain is successfully used for food in south-eastern Ukraine, norther Caucasus, 
Transcaucasia, and Central Asia, Vetchling is cultivated in these regions, although over limited areas, Work of 
the State Selection Stations and Field Trial Stations has shown that vetchling is the most prolific and drought-re- 
sistant of all the leguminous crops, and also the most resistant against pests and diseases [7], It is one of the best 
fodder crops, with the grain, hay, and green plant being usable for fodder, Well-founded recommendations have 
been made concerning its more extensive cultivation, particularly in the mor? arid regions of the Union, High 
yields of vetchling are also obtained in Moldavia, The best varieties are "Stepnaya 287" and "Stepnaya 12", 
Since the vetchling grain has a high protein content, it is a crop which can augment considerably the fodder re- 
sources in the southern regions of the country, 


Nevertheless, there have been practically no biochemical investigations of the vetchling grain, or studies of 
its nitrogenous compounds, of which the proteins are the most important, We are not aware of a single investi- 
gation of the amino acid composition of the vetchling proteins, There is also a complete absence of data on the 
proteins of vetchling grain cultivated in the droughty climate of Moldavia, 


The purpose of the present investigation was a study of the forms in which nitrogen is contained in the grain 
of some of the most widespread varieties of vetchling, The effect of solvents on the degree of extraction of the 
grain proteins and on the size of the protein fractions was studied, The whole protein content was isolated from 
the grain, and its content of various forms of nitrogen and sulfur, and also of amino acids essential for human and 
animal nutrition, was determined, 


EXPERIMENTAL 


With the knowledge that the protein content of the vetchling grain depends on the vegetative conditions 
[8], it was decided to study the influence of meteorological conditions of the harvesting year on the protein con- 
tents and quality, This was done by investigations of vetchling grain, grow under practically identical soil con- 
ditions at the Agrobiological Station of the University, and harvested in four consecutive years, The first stage 
of the investigation was a determination of the forms of nitrogen in the vetchling grain, 


The technique adopted in our 1 aboraboty was used for the determinations [9], The total nitrogen in the 
grain, the stroma nitrogen (nitrogen not extracted by any solvents), extractive non-protein nitrogen, and strict- 
ly protein nitrogen were determined, For human and animal nutrition the protein nitrogen is of primary impor- 
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tance, as neither stroma nitrogen nor extractive nitrogen have been seriously evaluated from the nutritional 
standpoint, and therefore only protein nitrogen must be considered in the composition of diets, The protein ni- 
trogen was found by subtraction of tlie extractive and stroma nitrogen from the total nitrogen in the grain; For 
convenience, all the data are expressed as percentages of nitrogen in the absolutely dry grain weight, 


The results of determinations of the forms of nitrogen present in the grain of different varieties of vetchling 
are shown in Table 1, 


TABLE 1 


Contents of Different Forms of Nitrogen in Varieties of Vetchling (in %) 


Forms of N as % of 
total N 


rE: xtract- 


Variety of vetchling 


Stroma 
N 
Extractive 
N 
Protein 
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13 ,35 
17,17 
13,24 
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These results show that the highest contents of total and protein nitrogen are found in grain of the “Local 
Moldavian” variety, There is no significant difference in the contents of different forms of nitrogen between 
the other varieties, It is seen that the content of stroma nitrogen in the grain is very low, The relative contents 
of the different forms of nitrogen as a percentage of the total nitrogen show that protein nitrogen is the main 
form in which nitrogen occurs in the vetchling grain; the extractive nitrogen content is relatively low, while 
stroma nitrogen is present in negligible amounts, These results show that the vetchling is a high-protein grain, 
At the same time, the contents of the different forms of nitrogen in the same variety are influenced by the me- 


teorological conditions of the harvesting year, These conditions affect the total, the extractive, and the protein 
nitrogen, 


The quantitative distribution of the protein nitrogen among the fractions extracted by water, 7% NaCl, and 
0,2% NaOH is of interest, Each protein fraction was extracted quantitatively from the grain, the flour being 


treated by the solvent until the protein was completely extracted, The results of these investigations are shown 
in Table 2, 


The differences between the water-soluble protein nitrogen content of the different varieties are slight, but 
the climatic conditions of the harvesting year have a definite influence on this fraction, The same is true of 
the ‘salt-soluble and alkali-soluble protein nitrogen, Thus, the variety has less influence than the meteorologi- 
cal conditions in which the grain was formed on the fractional distribution of the protein nitrogen of vetchling 
gtain, This quantitative difference, determined by the vegetative conditions, is particularly clearly seen by 
examination of the percentages of the various fractions of the total protein nitrogen of the grain, shown in Table 
3, These results show that most of the vetchling protein is extracted by water and NaCl solution, and only a 


small part by 0.2% NaOH, The effect of the vegetative conditions on the fractional distribution of the protein 
is particularly clearly shown, 


A knowledge of the quantity of protein is not in itself sufficient for determination of the nutritional or fod- 
der qualities of a given agricultural crop, This primarily requires a knowledge of the amino acid composition of 
the protein, For determination of the amino acid composition of the proteins of vetchling grain, it was necessar) 
to extract quantitatively all the protein present in the grain, to obtain the proteins in pure form, and to deter- 
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1950 84,07 
79,79 
83,02 
15,34 | 82,72 
12,29 | 83,43 
: 14,39 | 83,64 a 
: 13,08 | 85,00. 
16,06 | 81,39 
44,31 | 83,24 
| 45,22 | 81,64 
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mine the contents of different forms «f nitrogen and certain essential amino acids in them, The total proteins 
were isolated and purified by our method described previously [ 10). 


TABLE 2 
Effect of Solvents on the Extraction of Nitrogen Protein Fractions (in %) from Vetch- 
ling Grain 
Water-soluble | Salt-sol-jAlkali- Protein N 
t n between 
Variety Year |Tctal uble N | soluble | stroma Nicceal Nand 
N total pro- 
N total protein tein 
1950 | 4,27] 2,88 2,34 4,06 0,15 4,20 —0,07 
"stepnaya | 1951 | 4,60| 3,37 2,58 | 0,81 0,24 4,53 | —0,07 
Efe 1952 | 5,30 3,06 2,36 1,68 0,31 5,25 —0,05 
287 1953 | 4,74] 2,65 1,94 1,85 0,44 4,76 | +0,02 
a 1950 | 2,63 | 2,84 2,13 1,42 0,18 4,53 —0,10 
Stepnaya | 4951 | 4,60 2,84 2,00 1,38 0,30 5,66 +0,06 
12” 4952 | 5,37 3,52 2,86 1 ee 0,52 5,38 +0,01 
1953 | 5,07 | 2,61 1,88 2,00 0,34 5,02 —0,05 
4950 | 5,20 3,63 2,95 1,18 0,21 5,16 —0,04 
"Local Mol- ; 1951 | 5,48 3,81 2,93 1,17 0,31 5,43 —0,05 
1952 | 5,31] 3,72 | 2,96 1,49 | 0,23 5,27 | —0,04 
1953 | 5,22 3,00 2,19 1,76 0,29 5,20 —0,02 


TABLE $ 


Relative Nitrogen Contents of Different Protein Fractions of Vetchling Grain 


Protein N/} Total N of prdpjfference| N of protein fractions (as % of 
| tein fractions 


Variety Year |__| te#m Iraction total protein N) 
of dry weight water- salt- |alkali- 
soluble soluble |soluble 
1950 3,59 3,52 —0,07 65,34 | 30,44 4,55 
1954 3,67 3,60 —0,07 68,88 | 22,50 8,62 
Stepaays |. 4,35 —0,05 | 54.25 | 38,62 | 7,13 
1953 3,91 3,93 +0,02 | 48,85 | 47,07 4,08 * 
4950 3,83 3,73 —0,10 57,10 | 38,07 4,83 a 
1954 3,62 3,68 +0,06 54,35 | 37,50 | 8,15 
"Stepnaya 12"| 1952 4,48 4,49 +0,04 63,69 | .24,72 | 411,59 
1953 4,24 4,19 —0,05 44,87 | 47,73 7,40 
1950 4,42 4,34 | 0,08 67,97 | 27,19 4,04 
° | 1954 4,46 4,41 —0,05 66,44 | 26,53 ,03 
Local jo | 4.42 4,38 —o0'04 | 63,01 | 26,71 | 10,28 
vian" 1953 4,26 4 24 —0,02 51,65 | 41,54 6,84 


The distribution of the protein suffur between cystine and methionine was first determined, These results 
are shown in Table 4, No differences in the total sulfur contents of the proteins are found between different vari- 


eties, and the meteorological conditions of the harvesting year also have no effect, The same applies to the cys- 
tine and methionine sulfur contents, 


The final stage of our investigation was the determination of the nitrogen present as certain amino acids : 
im portant for nutrition, The different forms of nitrogen and amino acids were determined by means of methods 
adopted in our laboratory and described in earlier papers [11], The results of these determinations are shown in 
Table 5, It was found that there are no significant differences in the amide nitrogen contents of proteins isola- 
ted from different varieties of vetchling. The low content’of human nitrogen is a direct indication that the pro- 
tein preparations had a low content of non-protein organic impurities, while the constituent amino acids were not 
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TABLE 4 


Distribution of Protein Sulfur in Vetchling Grain Protein (in %) 


Total Forms of S Sain of 
Variety Year |protein pro- |N:§ ratioh tine and me Difference 


| cystine S {methion- | 
| ine S 


"Stepnaya 287] 1950 | 16,04] 0,64 0,26 0,47 +0,09 
1954 | 16,02] 0,68 0,27 0,44 +0,08 


»| 1950 | 16,14] 0,68 0,30 | 0,42 40,04 
Stepnayal2") | 46/00] 0/64 | 0.41 40°04 


“Local Molda{ 1950 | 16,12) 0,62. 0,26 0,45 +0,09 
vian" 1951 | 15,92} 0,62 0,27 0,41 +0,06 


TABLE 5 
Contents of Different Forms of Nitrogen and Certain Amino Acids in Vetchling 
Protein (in %) 


"Stepnaya 287" _—|_“Stepnaya 12" "Local Moldavian’ 


Years 


1950 | 1951 | 1950 1954 | 1950 


otal N 16,25 16,31 15,80 
Amide 1,49 1,36 
Mumin N 0,11 0,16 
Total amino acid N , 14,71 14,28 
Niamino acid N 4, 4,81 4,63 


Total monoamino acid N 9,90 9,65 
Moncamjno dicarboxylic 2,48 2,80 
acl 


7,42 6, 85 
Arginine 9,14 
Histidine 8,72 3,76 
Lysine 4,49 9,22 
Cysttne 1,04 1,13 
Methionine 
Tyrosine 
ryptopban 0,84 0,81 


appreciably decomposed during hydrolysis, There are no differences in the diamino acid nitrogen contents be- 
tween different varieties, although the conditions of the harvesting year have some influence on this form of ni- 
trogen, The same is true of the monoamino dicarboxylic acid nitrogen and of other forms, The diamino acid 
nitrogen consists of arginine, histidine, and lysine nitrogen, The data on the arginine, histidine, and lysine con- 
tents show that the amounts of these amino acids present depend on the variety, the diamino acid nitrogen dis- 
tribution being different in different varieties, This fact is of considerable theoretical and practical significance 
and indicates that amino acid synthesis is influenced by the variety and also by the meteorological conditions of 
the harvesting year, There are practically no differences in the contents of the other amino acids between dif- 
ferent varieties, but the climatic conditions have some influence, It follows that the aim in cultivation and 
selection of the plant should be not only to obtain a maximum protein content in the grain, but to achieve syn- 
thesis of proteins containing amino acids of definite nutritive value, For this an exact knowledge and proper 
selection of the conditions for the synthesis of any given amino acid is necessary, This most important task of 
the plant selectors may be achieved in cooperation with biochemists, 


From the practical viewpoint of fodder value, our results show that vetchling grain has a relatively high con- 
tent of protein extractable by water, salts, and alkalies, Vetchling proteins contain a number of amino acids val- 


gq 
15,73 | 15,80 | 415,64 
1,39 1,44 1,36 a 
0,14 0,42 0,16 
14,20 | 14,24 14,09 a: 
4 4,74 4,52 4,44 i 
9,46 | 9,72 | 9,65 
2,67 2,81 2,56 
6,79 6,91 7,09 
8,22 6,93 7,04 = 
7 3,84 3,40 3,54 
5,12 7,30 7,47 
1,06 0,98 1,00 
1,92 2,09 1,92 
3,34 3,40 3,93 
0,85 0,82 0,84 4 
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uable for nutrition, Direct physiological observations are necessary for evaluation of the nutritional complete- 
ness of vetchling proteins, Thus there are no reasons for considering vetchling to be a plant of dubious food val- 
ue, and there are no direct factual data on the toxicity specifically of white vetchling (Lathyrus sativus) rather 
than other species, 


In view of the fact that white vetchling is a very drought-resistant crop, it deserves the attention both of 
plant and of animal breeders, Vetchling can greatly augment the food reserves of the collective farms in the 
arid regions, The attention of food technologists, who are responsible for the production of fodder and human 
food with high nutitional and palatable qualities, should also be drawn to vetchling grain, 
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BIOCHEMICAL TRANSFORMATIONS OF PURINE PRECURSORS 
G, A. Kritsky and V, A, Struchkov 


A, N, Bakh Institute of Biochemistry, Academy of Sciences USSR, Moscow 


Purine compounds form an essential constituent of all tissues of the organism, The problem of their bio- 
synthesis is therefore of great interest, 


Investigations [ 1, 2] carried out with the aid of isotopes have shown that CO, is the precursor of the 6th car- 
bon atom in the purine ring, formate is the precursor of the 2nd and 8th atoms, and glycine is the precursor of 
the carbons in positions 4 and 5 and of nitrogen in position 7, Thus, glycine is completely included in the pu- 
rine, The designation of carbon dioxide, formic acid, and glycine as purine precursors, adopted both in our and 
in the foreign literature, is, of course, only of relative significance, as in biochemical systems these compounds 
are used to only a relatively small extent in purine synthesis, and also participate in a number of other reactions, 


A number of authors designate these compounds as"elementary" precursors of the purines, in contrast to 
"direct" precursors, such as “carboxamide” in microorganisms, Free carboxamide may be converted in various 
organisms, including man, into purine bases [3], 


H,N—C=O 
| 


C—Nxy HC C—'Ny 
H,N—C—NH *N—C'—®NH 
4—Amino—5—imidazole— Hypoxanthine 
—Carboxamide 
("Carboxamide") 


However, carboxamide has never yet been detected in the free state in animals [4-6], 


The question of the intermediate products in the biosynthesis of purines from "elementary" precursors is 

still very obscure, The aim of the present investigation, which is a continuation of previously published work 
[7], was a study of the biochemical transformations of original purine precursors labeled with C“, An autoradio- 
graphic method was used, A series of typical fractions of substances containing c™ from the “elementary” pre- 
cursors of the purines was obtained during the investigation, Some information on the chemical nature of these 
fractions was obtained, The effects of certain substances, which have a strong influence on purine biosynthesis, 
on the biochemical transformations of the purine precursors have been studied, It is possible that some of the 
substances found may be of significance in the biosynthesis of purines, 


METHODS 


In general the same methods were used in the present work as in the previous investigation of the biochemi- 
cal transformations of the purine precursors [7], The transformations of the purine precursors were studied in 
pigeon liver homogenates. A typical composition for the reaction mixture used is shown in the table. 
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Fig. 2. Chromatography of hypoxanthine and hydro- 
lyzate of radioactive inosine: 

I) Point of application of hypoxanthine marker; Il) 
point of application of inosine hydrolyzate; III) posi - 
tion of hypoxanthine spots after chromatography (the 
hypoxanthine spot from the inosine hydrolyzate gave 
a dark print in the autoradiograph). 


Control experiments with the aid of paper chromatography and 
autoradiography showed that in the experimental conditions used 
inclusion of CM from the precursors into hypoxanthine does take 
place; it is true, however, that a considerable fraction of the o 
added to the homogenate was included in hypoxanthine only in 
experiments with C formic acid. 


An example is provided by the inclusion of c™ formic acid in- 
\o inosine (Fig. 1), This autoradiograph shows the positions of the 
radioactive bands in the upper part of the chromatogram. 


Fig. 1. Inclusion of c-formic acid To verify that in our experimental conditions formic acid is in 
in inosine: 0) Original position, 1) inosine, fact included in the hypoxanthine part and not in the ribose part of 
the inosine molecule, the part of the chromatogram corresponding 
to inosine was extracted with water and the extract was hydrolyzed with HCl, The hydrolyzate was evaporated 
remove excess HCI, and the residue was examined by paper chromatography parallel with a marker of inactive 
hypoxanthine, The chromatograms of the hydrolyzate and the hypoxanthine marker are shown in Fig. 2, 


The pigeon liver homogenate used in the experiments was prepared from pigeon liver in a glass homogeniz- 
er, with addition of an equal weight of phosphate buffer at pH 7.0, and containing 0.1 M KCl and 0.01 M MgCl, 
for activation of the biosynthesis. In addition, in order to maintain the required pH value during the whole 
incubation period, NaHCO, was added to the homogenate (in absence of NaHCOs protein flocculaticn occurs in 
the homogenate as the result of acidification). Thymol was used as an antiseptic. 


Numerous workers who have studied purine biosynthesis used trichloroacetic acid for rapid and complete 
removal of proteins from the enzyme systems. However, the presence of trichloroacetic acid in a protein-free 
filtrate creates considerable difficulties in the detection of conversion products of purine precurosors in such a 

filtrate:1) the presence of trichloroacetic acid in the filtrate makes it impossible to apply the considerable 
amounts of filtrate required for chromatography, to the paper; 2) the acidity of the filtrate makes possible the 
destruction of labile, as yet not investigated, intermediate products on purine biosynthesis. 


To avoid these difficulties, butanol was used to remove the proteins in our investigation. 3 ml of n-butanol 
saturated with water was added to each incubated sample, the reaction mixtures were shaken and placed in a 
thermostate (at 40°) for 1.5-2 hours, during which time the mixtures were shaken at intervals, The precipitated 
proteins were removed by filtration through a fluted filter. 
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Fig. 3. Distribution of spots on autoradiograms in experiments with labeled purine precursors: 
I) Experiment with glycine 1-c*; 1 experiment with co, Ill) experiment with c-formic acid; 0) initial 
position, 1) nucleotide fraction, 2) carboxamido ribotide fraction (7); 3) complex fraction (glutamine + serine + 


+ glycine + aspartic acid); 4) inosine; 5) "free carboxamide” fraction; 6) hypoxanthine; 7-12) unidentified frac - 
tions; M) methionine. 


The residual proteins in the filtrate do not interfere with chromatography. It was shown by means of 
paper chromatography and autoradiography that in the conditions described butanol effectively inactivates the 
enzyme system which causes transformations of glycine-1 —, 


Parallel chromatographic tests were carried out on the filtrates and various substances (markers), with the 
aid of "Gosznak" or Leningrad "slow" chromatographic paper. Downward chromatography was used, with chro- 
matograms 40-50 cm in length. In some experiments the chromatography was carried out with the solvent al- 
lowed to drain slowly. The solvent used was n-butanol saturated with water (9 volumes) and 80% formic acid 
(10 volumes), The chromatograms were removed, dried, and examined by means of the “ultrachemiscope” [8}, 
an apparatus for the detection of substances which absorb ultraviolet radiation. The chromatograms were then 
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TABLE 


Composition of Reaction Mixture for Investigation of Conversions of Purine Precursors 
P 


Components 


Sample with 


glycine- 


Sample with CO, | Sample with C*- 
formic acid 


Thymol in mg 5 
Homogenate in ml 4 
Glutamine in mg 10 
NaHCO, in mg 20 
Unlabeled glycine in mg. 0 
Unlabeled formic acid in mg 10 


Phosphate buffer 0.1 M, pH 7.0 in ml 
Radioactivity in microcurie 


Incubation time at 37-39°, in min. 


placed with photosensitive films into cassettes, usually for 20 days, to obtain autoradiograms; the films (x-ray) 
were type XX and in some cases type X; the latter are rather less sensitive than the former. The radioactive 
substances in the chromatograms, detected by means of the radiograms, were studied with the aid of the ninhy- 
drin reaction and by other methods, 


Details of some of the preparations used are as follows. Glutamine was isolated from beet by Kretovich's 
method [9]; m.p, 182-183° (theoretical, 183-184"), 4-Amino-5-imidazole carboxamide was synthesized by 
Shaw and Woolley's method [10]. The preparation contained some impurities, which were removed during 
chromatography. The absorption in the ultraviolet, and the positive Pauly diazo-reaction of the preparation, 
were in agreement with theory. The radioactive preparations used were of commercial origin. In most of the 
experiments the glycine -1-C was additionally purified by chromatography. Commercial samples of amino 
acids and purine bases were used. Inosine, adenosine, inosinic and adenylic acids were previously prepared and 
identifiedinthe laboratory. Formylglycine was synthesized by the Fischer and Warburg method [11]; melting 
point 150-151° (theoretical 151-152"). 


EXPERIMENTAL 


Radiograms revealed the typical distribution on the chromatograms of the radioactive substances formed. 
by biochemical transformations of glycine -1 -c¥, c4o, and C“-formic acid in pigeon liver homogenates. Fig. 
3 shows that each of the purine precursors studied is included in a fairly. large number of fractions (up to 12) in 
the liver homogenate, while the nature of these substances and their relation to purine biosynthesis are still 

not adequately understood, 


To determine the nature of the different radioactive products, we studied the distribution of various amino 
acids and certain other substances of known structure on similar chromatograms, Typical results are shown in 
Fig. 4. The distribution on the chromatograms may vary somewhat with fluctuations of temperature and for 
other reasons, Each of the experiments was repeated two or three times. 


Good resolution of the substances found in the upper part of the chromatogram is obtained with applica - 
tion of a relatively small amount of extract to the paper, The bands in the lower part of the paper, however, 
are then weak, These bands appear clear only when considerable amounts of the material are applied to the 
paper. An interesting point is that one of the ninhydrin bands in Fig. 4 corresponds to the position of synthetic 
formylglycine on the chromatogram: 


However, no inclusion of C“ from glycine -1-C™ into this fraction was observed. 
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Fig. 4. Chromatographic distribution of substances 
which react with ninhydrin and are visible in the 
ultrache miscope: 

1) Adenylic acid (from muscle); 2) histidine; 3) 
arginine; 4) asparagine; 5) glutamine; 6, 7) serine + 

+ aspartic acid; 8) glycine; 9) glutamic acid; 10) 
inosine; 11) adenosine; 12) hypoxanthine; 13) alanine; 
14) pyrosine; 15) methionine; 16) formylglycine; 17) 
tryptophan; 18) phenylalanine; 19) No,12 fraction; 
20) CAM (carboxamide), synthetic. 


Effect of Various Substances on the Bio- 
chemical Transformations of Purine Pre- 
cursors 


In our study of the significance of the various frac- 
tions in purine biosynthesis, our aim was to find those 
conversion products of the purine precursors the bio- 
synthesis of which is significantly influenced by sub- 
stances which also affect purine biosynthesis, This 

was based on the assumption that a substance which 
influences purine biosynthesis should also influence 

the formation of intermediate products in the bio- 
synthesis of purines. The experiments showed that, of 
the substances studied (glutamine, aspartic acid, meth- 
ionine, pyruvate, and ribose -5-phosphate), glutamine 
and methionine have the greatest influence on the bio- 
chemical transformations of the purine precursors. 
Since the amide nitrogen in glutamine provides the 9th 
atom in hypoxanthine, it was quite probable that gluta- 
mine would have a considerable influence on the bio- 
chemical transformations of the purine precursors. 


It was also quite possible that methionine would 
have a considerable effect on the transformations of 
the purine presursors, since methionine can be de- 
methylated in pigeon liver homogenate with formation 
of homocysteine which, according to Berg [12] specifi- 
cally accelerates inclusion of formic acid into various 
fractions of pigeon liver homogenate, 


An influence of ribose -5 -phosphate on the bio- 
chemical transformations of purine precursors might 
be assumed, since according to Greenberg [13], ribose - 
5-phosphate stimulates hypoxanthine bionsynthesis, 
The action of aspartic acid is somewhat contradictory: 
on the one hand, it is an effective nitrogen donor for 
the 1st and 3rd position in hypoxanthine [14]; on the 
other hand, aspartic acid may enter into a transamida- 
tion reaction with glutamine [15], thus decreasing the 
content of glutamine — the nitrogen donor for the 9th 
position in the hypoxanthine molecule — in the reac- 
tion mixture, The action of pyruvate was studied, as 
it had been shown by OrstrOm, Orstr6m, and Krebs [16] 
that it has an activating effect on hypoxanthine bio- 
synthesis in pigeon liver slices, 


Figs..5 and 6 show typical results of experiments on the effects of various substances on the biochemical 


transformations of purine precursors, 


Most of the experiments were repeated two or three times, Fig. 5 shows 


that addition of glutamine to a homogenate in which biochemical conversion of glycine-1-C™ takes place in- 
creases the amounts of C™ included in the inosine (Fraction 4), hypoxanthine (Fraction 6) and Fractions 7 and 
12, and decreases the amount of C™ included in Fraction 10, Addition of glutamine to a homogenate in which 
co, is undergoing chemical conversion sharply increases the amount of c™ included inFractions 7 and 12 and 
decreases the amount of C' inFractions 6 and 10, Addition of glutamine to a homogenate in which c-formic 
acid is undergoing chemical conversion increases the amount of C“ included in the fractions corresponding to 
inosine (Fraction 4), “carboxamide” (Fraction 5) and hypoxanthine (Fraction 6), and decreases the amount of 


c* included in Fraction 10. 
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Fig. 5, Effect of giutamine on the biochemical transformations of purine precursors in pigeon liver homogenate; 
A) Experiment with glycine-1 -c™; B) experiment with c%o,; C) experiment with C4 -formic acid; 0 ) initial 
chromatographic position; for explanations of the numbers see Fig. 3; I) samples with glutamine added (10 ml 
per sample)} II) samples without addition of glutamine. 


The influence of some other substances on the biochemical transformations of purine precursors is shown 
in Fig. 6, It was found that addition of methionine to homogenate containing c-formic acid increases the 
amounts of C™ in the positions corresponding to “carboxamide” (Fraction 5), hypoxanthine (Fraction 6) and 
methionine (Fraction 7). Addition of aspartic acid to a homogenate with glycine -C™ decrease the amounts of 
c™ in the positions corresponding to inosine (Fraction 4), carboxamide (Fraction 5), hypoxanthine (Fraction 6), 
and Fraction 10. Addition of pyruvate only slightly increases the amount of c™ inFractions 8 and 10. Addition 
of ribose -5-phosphate increases considerably the ammount of C™ included in Fraction 8, and especially in 9, 


Our data on the effects of various substances on the biosynthesis of hypoxanthine, and also earlier publica- 
tions on this problem ( [7] and others) must be taken into consideration for the creation of optimum conditions 
for acceleration of in vitro biosynthesis of purines. The experiments showed that when glycine -1 -c™ is added 
to pigeon liver homogenate, 10 minutes of incubation at 40° already results in formation of radioactive hypo- 
xanthine which is clearly shown on the radiograms, if the reaction is carried out in presence of the following 
additions: NaHCOg, sodium formate, glutamine, pyruvate, folic acid, and methionine. Investigation of the 
optimum conditions for the in vitro biosynthesis of purines is evidently important, as these conditions facilitate 
investigation of the complex problem of the intermediate products of purine biosynthesis, 


The results of our experiments on the effects of various substances on the biochemical transformations of 


the original labeled purine precursors show that exchange of Fractions 7-10 and 12 is in some way associated 
with purine biosynthesis. 
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Fig. 6, Effect of methionine, aspartic acid, pyruvate, and ribose -5-phosphate on the biochemical transforma - 
tions of purine precursors in pigeon liver homogenate: 

A) Effect of methionine on the inclusion of C“-formic acid; B) effect of aspartic acid on inclusion of c* from 
glycine -1-C™; C) effect of pyruvate on inclusion of c™ from glycine -1-c™; D) effect of ribose -5 -phosphate 
on inclusion of C’* from glycine -1 -c™; 1) samples without additions of the test substances; II) samples with ad- 
ditions; for explanations of number see Fig. 3. 


C* from glycine -1 -c* and is included into Fraction 7. In experiments, with c™ formic acid CM 
is included into methionine, which occupies the position of Fraction 7 in the chromatograms. Fraction 8 in- 
cludes C“ from glycine -1 -c™ and C-formic acid, while no inclusion of C“ from takes place in this 
fraction (see Figs. 3 and 5) despite the large doses of co, used. 


This clearly illustrates the specific nature of the conversion routes of the purine precursors and at the same 
time shows that inclusion of carbon dioxide into glycine can occur only to a relatively small extent in the course 
of the incubation period in our experiments, Thus, the route for the inclusion of c™ and co, into Fractions’? 
and 10-12 is not by way of intermediate formation of labeled glycine, In Fraction 9, c™ was included only from 
glycine-1-C™ (Fig. 6, D). No inclusion of C™ from or C’*- formic acid into this fraction was observed, Rapid 
accumulation of C™ occurs in Fraction 9 on addition of ribose-5- phosphate to the homogenate, 


The chemical nature of Fractions 7-12 was not determined, We found that these substances do not react 
with ninhydrin, none coivesponds to creatine or creatinine (which are located at. the top of the chromatogram) 


and they do not contain phosphorus or ribose. Apart from Fraction 12, these substances are not visible under the 
ultrachemiscope. 


An experiment was carried out on the biosynthesis of purines with the use of 3 microcurie of glycine -1 -cM 
which was added to the homogenate of 20 pigeon livers. Fractions 7-12 were extracted from a large number 
(about 150) of chromatograms, The extracts evaporated on the water bath were returned to the homogenate to 
determine whether these fractions are more direct precursors of hypoxanthine than glycine. Preliminary 
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experiments showed that in the conditions used no appreciable inclusion of C™ from these fractions into hypo- 
xanthine takes place. The Fractions 7-10 largely remained unchanged in the homogenate. Moreover, Frac- 
tions 7, 8, and 12 are converted back into glycine to a considerable extent; Fraction 7 yields a number of 
other products; a large part of Fraction 10 is converted into alanine, 


Addition of a concentrated extract of the radioactive hypoxanthine fraction (Fraction 6) to pigeon liver 
homogenate showed that hypoxanthine largely remains unchanged during incubation, Part of the radioactivity 
becomes included in the nucleotide fraction. 


Fraction 5 is apparently a mixture, In particular, this fraction may contain adenosine, glutamic acid, 
and carboxamide, Synthetic carboxamide occupies the position of Fraction 5 in chromatograms, A positive 
Pauly diazo reaction suggested the possible presence of an imidazole ‘ring both in the synthetic carboxamide, 
and in a concentrated extract of Fraction 5, The starting material for preparation of the diazo reaction was 
white streptocide, When ordinary chromatograms of pigeon liver extract were sprayed with the diazo reagent 
no substances giving the diazo reaction were found, probably because of the small amounts present. A concen- 
trated extract of Fraction 2 (see Fig. 3 for its position) also gave a positive diazo reaction. Since this fraction 
also gave a positive reaction for ribose and for phosphate ester, the possibility is not excluded that it contains 
carboxamide ribotide, the formation of which from inosinic acid with the aid of pigeon liver enzymes was re - 
cently demonstrated by Flaks and Buchanan [17]. 


SUMMARY 


Certain typical products of the biochemical transformations of glycine -1-C™, c¥o,, and C“-formic 
acid in pigeon liver homogenates have been studied by means of paper chromatography and autoradiography 
(12 fractions were studied). 


Investigations of the effects of various substances on the biochemical conversions of these purine pre - 
cursors showed that glutamine and methionine have the greatest influence, while the effects of aspartic acid, 
pyruvate, and ribose -5-phosphate are less. 


Some properties and biochemical transformations of a number of unidentified radioactive conversion pro- 
ducts of glycine -1-C™, co, and C“-formic acid have been studied. 


Received May 10, 1955 


LITERATURE CITED 
{1] M. F. Guly, Ukrain.Biochem. J., 23, 456 (1951). 

[2] Zh. A. Shmerling, Progr. Mod. Biol., 38, 18 (1954). 

[3] W. 1. Williams, I, M. Buchanan, J, Biol, Chem, 201, 253 (1953). 

[4] G. R. Greenberg, J. Biol. Chem., 190, 611 (1951). 

[5] M. P. Schulman, J. C. Sonne, I. M, Buchanan, J. Biol. Chem. 196, 499. (1952). 
[6] C. S. Miller, S. Gurin and D. W. Wilson, Science, 112, 654 (1950). 

[7] G. A. Kritsky, Biokhimiya, 20, 158 (1955). 

(8) E. M. Brumberg, Proc, Acad, Sci, USSR 72, 885 (1950), 


(9] A. N. Belozersky and N.-L Proskuryakov, Practical Manual of Plant Biochemistry, Moscow, p. 209 
(1951). 


{10} E. Shaw. and D. W. Woolley, J. Biol. Chem., 181, 89 (1949), 
{11] E. Fischer and O, Warburg, Ber. deut. chem, Ges., 38, 3999. 


| 
j 
4 
. 
3 + 
3 
a 
th 
ij 
d | 
202 a 


{12} P. Berg, J. Biol. Chem., 205, 145 (1953). 
[13] G. R. Greenberg, Federation Proc,, 9, 179 (1950). 


{14} J. C. Sonne, J, Lin and 1, M. Buchanan, J. Am. Chem, Soc., 75, 1516 (1953), 


[15] S. R. Mardashev and N. N, Lestrovaya, Proc, Acad, Sci, USSR, 78, 547 (1951). 


[16] A. Orstr6m, M. Orstrém and H. A. Krebs, Biochem. J., 33, 990 (1939). 


[17] J. G. Flaks, I. M. Buchanan, J. Am. Chem. Soc,, 76, 2275 (1954). 


| & 
ing 
a 
2 0 3 


i 
i 
: 


THE MECHANISM OF PROTEIN DENATURATION DENATURATIVE STABILIZATION 
OF GLOBULAR PROTEINS 


A. S. Tsyperovich 


Institute of Biochemistry, Academy of Sciences, Ukrainian SSR, Kiev 


A previous paper [1] described the apparent equilibria which become established during the denaturation 
of egg albumin by urea. The reaction ceased at a definite level, according to conditions, and did not reach 
completion. Further investigation of this showed that cessation of denaturation before completion (the establish - 


ment of apparent equilibria) is a widespread phenomenon. It was decided to make a more detailed study of this 
effect. 


Apparent Equilibria in the Denaturation of Various Proteins and the Effects of a 


Variety of Agents 


Egg albumin was used for the first series of experiments, The reaction was brought about by denaturing 
agents which differ entirely in their action: solubilizing substances such as sodium salicylate, formamide, sodium 
benzoate; acetamide and pyridine; salts which act as denaturants at high concentrations — potassium thiocyanate, 
calcium chloride, and magnesium chloride; also acids, alkalies, alcohol, acetone, formaldehyde, and others. It 
was not difficult to detect cessation of the process (apparent equilibrium) in any of the systems, 


An experiment in illustration of this is shown in Fig. 1. 


This experiment was carried out as follows. To each sample of 5.0 ml of 2.2% egg albumin solution (pH 
7.0, phosphate buffer) a definite amount, determined by preliminary experiments, of a denaturing agent was ad- 
ded: 375 mg of sodium salicylate, 1.0 g of formamide, 375 mg of sodium benzoate, 1.5 g of acetamide, 0.25 
ml of pyridine, 2.5 ml of potassium thiocyanate, 2.5 ml of 50% calcium chloride solution and of saturated mag- 
nesium chloride solution, 1 ml of 0.5% acid (HC}) solution, 1 m1 of alcohol, and 1 ml of acetone, The denatura- 
tion was carried out at room temperature — 20-21°, At definite intervals (14, 30, 44 days, etc.) the amounts of 
denatured proteins in all the systems were determined in the usual way by the addition to 1 ml of each reaction 
mixture of 9 ml of isoelectric “precipitant” (0.1 M acetate buffer at pH 4.7, in which 10% of ammonium sulfate 
is dissolved), and determination of the precipitated protein by the biuret reaction. Fig. 1 shows that the process 
stopped without reaching completion in all cases,without exception. 


In the experiments shown in Fig. 1 the original amounts of protein differ somewhat from each other. This 


is explained by the unequal dilution of the original albumin solution because of the different volumes of the 
denaturing agents added. 


Apparent equilibria were also found to occur in the denaturation of other globular proteins apart from egg 
albumin — serum albumin, and a plant globulin, edestin. 


Fig. 2 shows the apparent equilibria established in the denaturation of crystalline edestin by three different 
substances: urea, Caustic soda, and potassium thiocyanate. 


Edestin was dissolved in 0.1 M acetate buffer at pH 5.6, containing 10% sodium chloride. The final pro- 
tein concentration after addition of the denaturing agents was adjusted to 1.0% by additions of the same solution,. 
Definite amounts of alkali, dry urea (250 and 350 mg per 1 ml of solution), potassium thiocyanate solution (final 
concentration 12,5%) or other agent were added to separate samples (room temperature), The established apparent 
equilibrium, or the account of denatured protein in the system, was determined by isoelectric precipitation. 


; 
~ 


Observation days 
Native protein (initial content) 
Denatured protein (equilibrium: 


per 1 ml of mixture 


Protein content in mg 


Fig. 1. Apparent equilibria in denaturation of egg albumin by dif- 
ferent agents; denaturing agents: I) sodium salicylate; Il) sodium 
benzoate; III) formamide; IV) acetamide; V) pyridine; VI) alcohol; 
VII) acetone; VIII) ether; IX) potassium thiocyanate; X) calcium 
chloride; XI) magnesium chloride; XII) hydrochloric acid. 


Similar effects were found in the case of serium 
albumin, One of these experiments (the action of 
100cf, Denaturation urea at different concentrations) was published earlier 


{1}. 


Thus we see that apparent equilibria occur during 
denaturation of at least three globular proteins, by 
the action of 10-12 denaturing agents, and under dif- 
ferent physicochemical conditions, :. 


The nature of the apparent equilibrium may be 
explained [1, 2] on either of two assumptions; 1) the 
molecules of a highly purified globular protein are 
aE 0 Oe ar 10 15 20 25 30 not all quite alike and differ in their resistance, and 

_ Mme dn hours in consequence under any given conditions the less 
stable of the globular protein molecules undergo de- 
naturation while the more stable molecules remain 

_ in the native state; 2) some of the molecules are modi- 
fied in a certain way by the action of the denaturing 
agent and their stability increases. 


Denatured protein in ing 


per 1 ml of mixture 


Fig. 2, Apparent equilibria in denaturation of 
edestin by different agents: I) 12.5% KCNS; II) 
urea at a concentration of 250 mg per 1 ml of protein 
solution; III) urea, 350 mg per 1 ml of protein solution; 
IV) caustic soda. 
To determine which of ‘these suppositions is correct, 
we isolated the denatured part of the protein from 
systems with established apparent equilibrium in order to find whether the increased resistance was the result of 
urea treatment, or whether the stable portion of the molecules pre-existed in the protein. 


Isolation of Undernatured Part of the Protein from a System with Established 
Equilibrium, and Investigation of Its Stability 


Egg albumin was used for the first experiments. The apparent equilibrium was established by the treat- 
ment of this protein with urea. 


300-400 mg of dry urea per ml was added to 5-8% solutions of egg albumin (pH ~ 7). The denaturation 
was Carried out at room temperature, The keeping time of the equilibrium systems (duration of the urea treat- 
ment) was varied from 1 month to 1 year. The isolation of the remaining undernatured part of the protein was 
effected by removal of denatured protein andurea from the system, which would leave the required materia} in 
the solution. To 30 ml of the protein ~ urea mixture an equal volume of acetate buffer at pH 4.9 was added, 
The mixture together with the precipitate was placed in a cellophane bag and dialyzed against 300 ml of the 
same buffer at room temperature for 3-4 days, the presence of denatured protein being checked (by isoelectric 
precipitation) in a small filtered portion of the mixture. The small portion of urea which remained was ignored, 
as the isolated undenatured “fraction” (this term will be subsequently used) was also investigated for its resistance 
by denaturation with the aid of urea. 
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Fig. 3. Crystal forms of crystalline edestin (A) and the resistant 
protein fraction isolated from the edestin — urea system at ap- 
parent equilibrium (B). 


These experiments showed that the unchanged part of the egg albumin is exceptionally resistant to de- 
naturing agents, ‘Equilibria were reached with urea contents of 300-400 mg per ml, The isolated fraction, after 
treatment with urea at higher concentrations (500-700 mg and over) could be denatured to only a very slight 
extent (pH 7, temperature 20°), Only 10-20% of the fraction, relative to the original protein studied under the 
same conditions, passed into the insoluble form and was precipitated by the isoelectric method, Samples were 
then prepared which could not be denatured to any practical extent even with a urea concentration of 900 mg 

per ml, It was found in these experiments that the resistant part of the protein differed significantly from the 
original materials in two other properties — optical rotation and specific viscosity, The specific rotation of the 
fraction was much higher, with values from 48,7 to 106.2° (in one sample which had been subjected to particular- 
ly prolonged treatment with urea). Thus, the rotation increased by 1 %- 34% times, The specific viscosity also 
increased considerably(1 7 - 2% times), with values from 0,046 to 0,103-0,108 in different experiments, The 
protein was quite soluble at the isoelectric point, even in presence of salts, similarly to native albumin, We note 
that for ordinary native egg albumin [a ]is~35-36*, and Nsp is ~ 0.036 (some variations between different samples 
are possible), Isolation of the denatured part of the protein at equilibrium, and its stability, was studied in great- 
er detail in experiments with edestin, 


The equilibrium systems were obtained by treatment of solutions of crystalline edestin with urea at pH ~7 
at room temperature, 250-400 mg of urea per ml was added to solutions of edestin in 10% sodium chloride (pro- 
tein concentration from 3 to 6%). The mixtures were kept from 3 weeks to 6 months. Isolation of the stable 
fraction was rather easier in the experiments with edestin; it was carried out as follows: to 1 volume of edestin 
—urea mixture with established equilibrium, four volumes of isoelectric precipitant for edestin (10% NaCl in 

0.1 M acetate buffer at pH 5.6) was added, The denatured protein was completely precipitated, as was checked 
by special tests. The coagulate was filtered off and a clear solution of the undenatured protein was obtained, 


If a portion of this solution is placed in a cellophane bag and dialyzed against water or 0.1 M acetate buf- 
fer (pH 5.6), the stable part of the protein may be obtained in crystalline form, The crystals precipitated in the 
bag were collected and washed with the same liquid as was used for the dialysis, For comparison with the frac- 
tion, a solution of ordinary crystalline edestin was treated in the same way. It was found by examination under 
the microscope that in all cases the crystalline form of the proteins was the same in both preparations (Fig. 3, 


A 8 


Denatured protein in mg 
per 1 ml of mixture 


per 1 ml of mixture 


Denatured protein in mg 
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A B 


Fig. 4. Denaturation of crystalline edestin and its stabilized form by urea: 
1) Crystalline edestin (control); 2) stabilized fraction. 


A and B). It should be noted that this applies fully to equilibrium mixtures kept for relatively short periods 
(15-30 days). Prolonged treatment (several months) of edestin with urea caused changes of crystal form. This 
became less regular and the faces weré less well-defined. There was no doubt, however, that the substance 
was crystalline. 


The fraction obtained after removal of the denatured protein was again treated with urea (300-400 mg 
per ml of solution) in order to determine its resistance to denaturation. 


The experimental conditions were: pH 5.6, temperature 20-21°, protein concentration 1-2%, NaCl con- 
centration 10%; 0.1 M acetate buffer. The urea was added in dry form, and the amount of denatured protein was 
determined by isoelectric precipitation followed by the biuret reaction. In a control experiment the denatura - 
tion of ordinary crystalline edestin was followed under the same conditions. 


It was found that the isolated fraction is more stable than the original protein (Fig. 4, A and B). In 
some cases the stabilization was less "durable". Fig. 4, A shows an experiment in illustration of this, It is seen 
that during the first few hours, when the reaction proceeds at the greatest rate in the normal (control) edestin 
sample, the "fraction" is denatured very slowly, However, the process gradually accelerates and the amount 
of insoluble protein in the mixture increases, The process reaches a definite level, which is always below that 
of the control experiment. It must be remembered that, as usual, the protein concentrations in the experiment 
and the control were the same, The experiment, shows clearly that the isolated fraction tends to pass back in- 
to an unstabilized form of the stame stability as the original material (see the slope of Curve 2 in Fig. 4, A). 
In most cases, however, the stabilizing effect was very durable (Fig. 4, B). 


On the whole, however, stabilization of edestin is less durable than that of egg albumin, Subsequently 
it proved possible to eliminate completely the stabilizing effect from preparations in which it had been pro- 
duced, 


Elimination of the Stabilizing Effect 


It was shown above that the undenatured fraction isolated from the equilibrium mixture differs from the 
ordinary (original) preparations by its high stability, specific optical rotation, and viscosity. These results, how- 
ever, do not solve the problem of the origin of the stable fraction of the molecules, that is, the question whether 
it pre-exists in the protein or whether it is produced by a modifying action of the denaturant. It could be sup- 
posed that the particles with higher stability are present ("pre-exist") in the protein and remain unchanged dur- 
ing denaturation, being then isolated as a fraction different from the original preparation, It might be considered, 
for example, that the molecules which differ in their stability also have different specific rotation. Thus, the 
known value for the rotation of a given original protein would be an average value, while denaturation which, 
according to this viewpoint, involves fractionation and isolation of a group of more stable molecules, could lead 
to the isolation of particles with a higher optical rotation. 
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The question of whether the protein molecules 
become modified or are of different kinds could be 
decided if it was possible to eliminate ("remove") the 
stabilizing effect completely or even partially. Ifthe 
more stable group of molecules was a normal “com- 
ponent of the protein, it should have a high stability 
as a Constant Characteristic property. In that case it 
would obviously be impossible to vary the degree of 
stability or to eliminate the observed effect (with- 
out the use of special and vigorous treatments). 


S 


Denatured protein in mg 


per 1 ml of mi 


We found that it is possible to decrease the degree 
of stability of the undenatured part of the protein iso- 
lated from the equilibrium system. It is even possible 
to eliminate ("remove") the stabilizing effect com- 
pletely, and to obtain a material with resistance ex- 
actly equal to that of the original protein. These ex- 
periments were carried out with edestin. 


2:4 6 &B23466 
Time in hours Time in days 


Fig. 5. Stability of the stabilized form of edestin, 
and of a preparation in which the stabilization ef- 
fect has been eliminated: 
1) Solution of the stabilized form; 2) solution of a In tests of different methods for the isolation of the 
preparation with stabilization effect removed; 3) stable part of the protein from equilibrium systems with 
control solution of original protein not subjected a view to simplifying the process, we noticed that treat- 
to urea treatment, ment of the stable fraction, usually dissolved in 10% 
NaCl, with water lowers the stability of the modified 
fraction to denaturing agents and brings it nearer to the 
original protein, Such treatment in effect reduces by dilution of solutions of the stable edestin fraction with 
water, and washing, also with water, of the precipitated stabilized native protein. This proved sufficient (in the 
case of edestin) to eliminate the stabilizing effect. 


The experiment was carried out in the following sequence, Crystalline edestin was dissolved in 0.1 M 
acetate buffer at pH 5.6, containing 10% NaCl, 300 mg (sometimes 400 mg) of dry urea was added per milliliter 
of solution, and the mixture was left at room temperature, When the system had reached apparent equilibrium, 
two samples were taken from it, and the stable fraction was isolated from each by different methods, so as to 
retain the stabilizing effect in one case, and to eliminate it in the other, 


To the first sample, four times its own volume of a solution which precipitates denatured edestin (0.1 M 
acetate buffer containing 10% of salt) was added, The denatured protein was removed by filtration or centrifug - 


ing. In this case the filtrate contained 50 mg (more exactly, 49 mg) of urea per ml, and was'a solution of the 
stable form of edestin (1). 


The second sample was greatly diluted with distilled water to isolate both the denatured and. the unchanged 
native part of the protein. The centrifuged precipitate was washed thoroughly with water (in the centrifuge), its 
volume was measured, and dry salt and concentrated (2 M) acetate buffer were added in the amounts necessary 
to give the usual conditions (10% NaCl in 0.1 M buffer at pH 5.6), after which the native part of the protein was 
extracted with a small amount of the usual isoelectric solvent for edestin. The solution of the native part of the 
protein did not contain denatured edestin,.as was confirmed by special tests, This Solution 2 was investigated in 
parallel experiments with Solution 1 and a control Solution 3, which contained original protein, not subjected to 
urea treatment, under the same conditions, The protein concentrations inSolutions 1-3 were equalized. Thus, 
Solution 1 contained stabilized protein, 2 contained the same protein with the stabilization "removed", and 3 
contained the original protein. 


All three solutions were subjected to denaturation by urea in the same conditions as were used for obtain- 
ing the equilibrium system (300 mg urea per ml). 3.0 g of dry urea was added to 10 ml of each solution, and 
the mixtures were left at room temperature, After definite time intervals 1 ml samples were taken simultane- 
ously, and the amounts of denatured protein present were determined in the usual way. 


Fig. 5 shows that the native portion of the protein isolated from the equilibrium mixture (Curve 1) is de- 
natured much less than the original edestin (Curve 3). As the result of the treatment described above, the 
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stabilized protein completely loses its acquired high stability (Curve 2). The course of its denaturation then 
completely coincides with the course of denaturation of ordinary non-stabilized edestin, It is seen that Curves 
2 and 3 practically coincide, This confirms that the stabilizing effect produced by urea treatment has been 
eliminated ("removed") completely and the protein has regained the stability of the original crystalline edestin. 
An interesting fact is that not only is the denaturation rate of the stabilized form of protein lower, but the de- 
gree of conversion of the whole protein is less in given conditions. The reaction stops as usual, and the level of 
apparent equilibrium is considerably lower, 


In some cases the removal of the stabilization effect was partial only. Such experiments merely confirmed 
the views put forward, as a protein with the modification partly removed occupied an intermediate position be- 
tween the original material and the stabilized fraction. In particular, the plot of its denaturation rate lay be - 
tween the denaturation curves for the original protein and the stabilized form (this was specially noticeable dur- 
ing the first few hours), while the level of apparent equilibrium was below that for ordinary edestin but above 
that for stabilized edestin, 


The results of this part of the work show that the stabilization effect can be completely eliminated. Con- 
sequently, the high stability of the non-denatured fraction isolated from a system at apparent equilibrium is, 
first, not a natural property of some of the molecules in the protein, and second, the consequence of urea treat- 
ment, Thus there is every reason for accepting, of the two alternative hypotheses put forward above, the view 
that cessation of the process at apparent equilibrium is the result of modification of part of the protein by the 
action of the denaturing agent. We have termed this effect “denaturative stabilization". This term also reflects 
the fact that stabilization of the protein takes place in respect to the denaturing agent and under its influence. 


SUMMARY 


The study of apparent equilibria which become established during denaturation by the action of urea at 
various, not excessively high, concentrations on globular proteins has been continued. The equilibria (described 
previously) represent cessation of the denaturation process at a certain level so that a definite considerable part 
of the protein remains in the native condition. 


It was found that the occurence of apparent equilibrium is a very common phenomenon; it may be found 


in three globular proteins (egg and serum albumins, edestin) under the action of varied denaturing agents (sodium 


salicylate and benzoate, a number of salts - KCNS, CaCl, MgCl,, formamide, acetamide, acetone, formalde - 
hyde, etc.) in various physicochemical conditions. 


Native protein which remained unchanged was isolated from systems in which apparent equilibrium had 
become estabilished (in the case of edestin, in crystalline form); the properties of the protein were found to be 


greatly changed. It had high resistance to denaturation; its optical rotation and viscosity were higher than in 
the original protein. 


It has been shown (in the case of the non-denatured part of the protein obtained from the edestin — urea 
system) that the stabilizing effect can be eliminated, The stability of the isolated resistant part of the edestin 


can thereby be returned to the original level found for native protein. The fact that the stabilizing effect can be 
‘removed" proves that the stable fraction of the molecules did not pre-exist in the protein, but was formed as the 
result of modifying treatment by urea solution, 
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HISTIDINE DISTRIBUTION IN THE PROTEIN OF DIFFERENT TISSUES OF 
RABBITS AFFECTED WITH THE BROWN-PIERCE TUMOR 


T. A. Goryukhina 


Biochemical Laboratory of the Institute of Oncology, Academy of Medical Sciences USSR, Leningrad 


The role of proteins and individual amino acids in the etiology and pathogenesis of malignant diseases 
in man and animals is still not definitely known. A number of papers contain indications of certain changes 
in the protein metabolism during development of malignant tumors, However, investigations in which the modi- 
fications of protein metabolism are characteristic of the type of tumor are almost entirely lacking. The only 
information is in our investigations [1-4] which show that when Brown-Pierce tumors are implanted in rabbits, 

the activity of histidine -splitting enzymes — histidine -deaminases and urocaninases — is increased, leading to 

a sharp decrease in the contents of the derivatives of this amino acid (carnosine and anserine) in the muscle 
tissues, 


Our interpretation of the results obtained was convincingly confirmed by the fact that when animals af - 
fected with tumors are subcutaneously injected with histidine, the carnosine and anserine contents of their 
muscle tissue increase to the normal level, These experiments showed that the decrease of the carnosine and 
anserine contents in the muscle tissues of rabbits with the Brown-Pierce tumor is not due to a decreased rate of 
peptide bond synthesis, but is caused by a deficiency of histidine, because of increased splitting of the latter by 
the liver enzymes of the affected rabbits. At the same time, investigations of histidine metabolism in the pre- 
sence of other tumors in animals and in man, and comparison of these results with data on the splitting of phenyl- 
alanine, tyrosine, tryptophan, and arginine in rabbits with the Brown-Pierce tumor and also in other affected 
animals, led us to the conclusion that increased splitting of histidine in the liver is specific for rabbits with the 
Brown-Pierce tumor. The question naturally arose; is the histidine deficiency restricted to a decrease of the 
amounts of carnosine and anserine in the muscle tissue, or is it reflected in the content of histidine itself in 

the proteins of different tissues of rabbits with the Brown-Pierce tumor. In view of the undoubted interest of 

this problem, we made a study of the histidine contents in the proteins‘of different tissues of rabbits with the 
Brown-Pierce tumor with and without injections of histidine, and also of the contents of imidazolelactic acid, 
since the latter is converted in the animal organism into histidine by amination. 


EXPERIMENTAL 


The experiments were carried out on male rabbits, 1800-2400 g in weight, which had received trans- 
planted Brown-Pierce tumors in the testis, The experimental animals were kept on their norma! diet; they 
were killed on the 17th to 36th day after transplantation of the tumor. Histidine and imidazolelactic acid were 
injected subcutaneously, in daily doses of 1.0-1.5 g during 5 to 36 days, The experimental animals were killed 
on the day following the last injection of histidine or imidazolelactic acid, The latter was synthesized by 
Frankel's method [5]. 


Healthy male rabbits of the same weight were used as controls, 


The total nitrogen and histidine were determined in hydrolyzates of proteins of the blood serum, liver, 
muscle, brain, tumor, and of the crystalline hemoglobin. 
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Crystalline hemoglobin was prepared as follows, The erythrocytes, separated by centrifuging, were washed 
three times in the centrifuge with double the volume of physiological saline, Twice the volume of distilled water 
was added to the washed erythrocytes, and the mixture was stirred until complete hemolysis occurred. One-half 
the volume of ether was then added, the mixture was shaken for 15 minutes, and left overnight at — 5°, On the 
following day the ether was removed by suction and 1/4 the volume of 96% alcohol cooled to — 5° was added to 
the hemoglobin solution, The aqueous alcohol solution of hemoglobin was evaporated in the air. The hemo; 
globin crystals were dried to constant weight. 


0.2 g of crystalline hemoglobin and 1.5 g portions of a slurry made from the investigated tissue were taken 
for hydrolysis. The muscle tissues were hydrolyzed after removal of carnosine and anserine by three-fold extrac- 
tion with water at 60-80°. All the samples were hydrolyzed by boiling with 20 ml of 20% hydrochloric acid for 
18 hours, Hydrochloric acid was removed from the hydrolyzate by repeated evaporation to a thick syrup, After 
the final evaporation the hydrolyzate was neutralized with 10% NaOH to pH 8,0~-8.2, diluted with hot water, 
filtered into a 10 ml measuring tube and made up to the mark with water. Samples for determinations of total 
nitrogen and histidine were taken from the hydrolyzates, Total nitrogen was determined by the Kjeldahl micro- 
method, 


The method used for quantitative determination of histidine is based on its enzymatic splitting, as descri-~ 
bed by Edlbacher [6]. By the action of the specific deaminase of the liver, histidine is quantitatively converted 
into urocaninic acid with removal of one molecule of ammonia, which is easily displaced from the solutions by 
soda. The action of another liver enzyme, urocaninase, converts urocaninic acid into a compound of yet un- 
known structure, the main feature of which is its stability to soda and hydrolyzability by 30% NaOH with the re- 
moval of a molecule of ammonia. Thus, if ammonia is displaced by means of soda or NaOH from the products 
of histidine decomposition by liver enzymes, and the amount of itsdetermined, the histidine content of the ma- 
terial can be easily established, Because of its specificity, accuracy, and simplicity, this is without doubt the 
best method for quantitative determination of histidine. The enzyme solution was prepared from the liver of a 
healthy cat in phosphate buffer at pH 8. Its preparation has been described in detail previously [4]. The histi- 
dine content was expressed as % of the total nitrogen. 


The procedure for determination of histidine in the hydrolyzates was as follows, 3.5 ml of the cat liver 
enzyme solution was added to 6 ml of a neutralized hydrolyzate of the tissue under investigation, In the con- 
trol sample, 6 ml of phosphate buffer at pH 8.2 was used instead of the hydrolyzate with 3.5 ml of the liver 
enzyme solution. All the samples were firmly stoppered and placed in a thermostat at 38° for 24 hours. Chloro- 
form was used as antiseptic. After the enzymatic decomposition of the hydrolyzate histidine, the proteins present 
in the enzyme solution were precipitated with 0.5 ml of 80% trichloroacetic acid. Ammonia in the trichloro- 
acetic acid filtrates was determined by Folin's method after displacement by saturated soda solution or 30% NaOH. 
In the ammonia determinations allowance was always made for the amount present in the tissue hydrolyzates them- 
selves before the enzymatic splitting of the histidine in them, Histidine was determined in hydrolyzates of protéins 
from blood serum, hemoglobin, liver, limb muscles, brain, and tumors. 


It is seen from the analytical results shown in the table that the histidine contents in the blood serum and 
liver proteins are lower in rabbits with Brown-Pierce tumors than in healthy rabbits. However, injection of histi- 
dine into the affected rabbits raises its content in the liver proteins to the same levels as in healthy rabbits, As 
was to be expected, the histidine content of the liver proteins and blood serum of rabbits with Brown-Pierce 
tumor also increases after subcutaneous injection of imidazolelactic acid, since the latter is converted into histi- 
dine in the animal organism by amination [3]. The histidine contents in muscle tissue proteins, brain, and hemo- 
globin of affected rabbits do not vary without or with injections of histidine or imidazolelactic acid. There was, 
however, some increase of the histidine content in the muscle protein after injection of the latter, Rather less 
histidine is found in the tumor proteins than in the proteins of other tissues. Injection of histidine, and more 
particularly of imidazolelactic acid, increases the content of this amino acid in the tumor proteins considerably. 


We note here that our values for the histidine content in the proteins of different tissues of the rabbit agree 
with the literature data, with the exception of the liver, for which our histidine values are lower than those given 
in the literature. According to published data, the histidine contents of rabbits proteins are: brain, 2.3% [7]; 
muscle, 1.9-2.4% [8]; globin, 8.3% [9]; liver, 2.7-4.1%, average 3.2% [8]. 
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The wide range of values for the histidine content of the same tissue must undoubtedly be the result of 
the inaccuracy of the determination methods used, or of the feeding conditions of the experimental animals, as 


the nature of the food has a strong influence on the quantitative amino acid composition of animal tissue pro- 
teins. 


DISCUSSION 


Our previous investigations [1, 2] showed increased splitting of histidine by liver enzymes in rabbits af- 
fected with the Brown-Pierce tumor, as shown both by the strong activation of histidine deaminase and urocani- 
nase and by the carnosine and anserine contents in the muscle tissue; to augment this, the results of the present 
study have shown a decrease of the histidine content itself in the liver and blood serum proteins of the affected 
animals, Histidine deficiency, which leads to a decrease of the carnosine and anserine present in the muscle 
tissue, or of the histidine itself in the proteins of the liver and blood serum, is easily prevented in rabbits affected 
with Brown-Pierce tumor, as is seen from the results of the previous [1-3] and the present experiments, by sub- 
cutaneous injections of histidine or imidazolelactic acid. 


Administration of these substances increases the histidine content of the tumor proteins. These results prove 
convincingly that the decrease of the carnosine and anserine contents in the proteins of the liver and blood serum 
of rabbits with the Brown-Pierce tumor is not caused by modifications of peptide bond synthesis, but by a lack 
of sufficient histidine for the synthesis because of its accelerated splitting. Our data on the increase of the histi- 
dine content in the tumor proteins after injection of histidine or imidazolelactic acid into rabbits affected with 
the Brown-Pierce tumor are in good agreement with certain published results, which show that, for example the 
inclusion of DL-aniline and glycine labeled with C™ isotope in the carboxyl group is 7 times’ more rapid in 
hepatoma slices than in liver slices-{10]. It is also reported that histidine and serine are absorbed to a consider- 
able eatent by slices of rat tumor tissue [11]. It is true, however, that other workers did not find any change in 
the contents of various amino acids in tumor proteins when the corresponding amino acids were administered to 
the animals [12], This contradiction may be explained by tapid metabolism between the tumor and the surround- 
ing tissues, which can be more easily detected by the use of isotope compounds. The constant values for the his - 
tidine content in hemoglobin found in our investigation are also in good agreement with the literature, where it is 
reported that the composition of hemoglobin remains unchanged under the most varied conditions [13]. The fact, 
noted by numerous workers,, that the greatest variability of the individual amino acids contents under different 
physiclogicai and pathological conditions is found in the liver or blood proteins, is also in agreement with the 
variations in the histidine contents of the liver and blood serum proteins of rabbits with the Brown- Pierce tumor, 
shown in our experiments, 


SUMMARY 


Rabbits with the Brown-Pierce tumor have a decreased content of histidine in the proteins of the liver 
and blood serum; this deficiency is easily counteracted by subcutaneous injections of histidine or of imidazole - 
latic acid, which is converted into histidine in the organism by amination. 


The histidine contents in the hemoglobin and the brain and muscle proteins of rabbits with the Brown - 
Pierce tumor do not differ from those of healthy animals. Administrations of histidine or imidazolelactic acid 
do not affect the histidine contents of the proteins of these tissues, 


The proteins of the tumor tissue contain rather less histidine than the proteins of the other tissues studied. 
Administration of histidine or of imidazolelactic acid increases the histidine content in the proteins of the Brown- 
Pierce tumor, 


I am grateful to A, N. Parshin for valuable advice. 


Received July 25, 1955 
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THE INTERMEDIATE PRODUCTS OF THE ENZYMATIC 


NATURE OF 
DECOMPOSITION OF PROTEINS 


THE SPLITTING OF HEMOGLOBIN BY PEPSIN 


V. V. Oppel 


Biochemical} Laboratory of the 4th City Hospital, Karaganda 


Investigations of the pepsin hydrolysis of actomyosin [1-4] showed that this protein is split by way of a 
number of intermediate products which differ from each other in molecular size and degree of molecular as- 
ymmetry. The lowest molecular weight fraction of the hydrolysis products had the average dimensions of tetra- 
or pentapeptides. However, extension of this conclusion to all proteins did not seem justified for a number of 
reasons, Firts, actomyosin is a typical fibrous protein, the hydrolysis of which may differ in some ways from 

that of globular proteins. Second, it is a complex protein, composed of two constituents, myosin and actin, which 
inevitably leads to difficult questions as to the formation of the various intermediate hydrolysis products from dif- 
ferent parts of the actomyosin molecule, 


In addition, there are numerous indications in the literature [5-9] of the “explosive” nature of the pepsin 
hydrolysis of certain globular proteins, especially egg albumin, which leads at once, without formation of in- 
termediate products, to the appearance of the final hydrolysis products, Tiselius and Eriksson -Quensel [5] 
described it as hydrolysis of the “all or none" type. 


It was therefore decided to carry out experiments on a globular protein. Hemoglobin was chosen, 


Desnuelle, Rovery, and Bonjour [10, 11] subjected horse globin to the action of pepsin, trypsin, and chym- 
otrypsin. They found that the protein was degraded gradually; during the first, "rapid", “specific” stage of hy - 
drolysis, molecules with the average size of dodecapeptides were formed. During the second, "retarded" stage, 
tri- and tetrapeptides accumulated in solution. 


EXPERIMENTAL 


The hemoglobin used was a commercial preparation with the ratio Fe: N = 0,0177, The pepsin used was 
also a commercial product. The ratio of hemoglobin nitrogen to pepsin nitrogen was kept equal in all experi- 
ments at 365:1, Thus the pepsin itself could not have any appreciable effect on the analytical results, 


A typical experiment. 1-2 g of hemoglobin wasground in a porcelain mortar with 50-100 ml of 0.1 N 
HCl until a homogeneous suspension was formed. A flask with the hemoglobin was placed in a thermostat at 
37° until a constant temperature was reached, A freshly prepared solution of pepsin in a small volume of 0.1 
N HCI was placed in the thermostat at the same time. When the solutions reached the thermostat tempera- 
ture they were mixed. The digestion was continued for 1 hour, and the mixture was then inactivated by heat- 
ing it for 5 minutes on a boiling water bath. The cooled hydrolyzate was filtered or centrifuged before the 
subsequent treatment. 


The hydrolysis products were fractionated by precipitation with trichloroacetic acid solutions of different 
concentrations. The concentration of the stock solution (20%) was established by titration. The others were 
prepared from this by dilution. In some of the experiments, when separate portions of the hydrolyzate were 
taken for each analysis, the precipitation was effected by the addition of 2 volumes of trichloroacetic acid of 
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the required concentration to 1 volume of the hydrolyzate. In other experiments, when a number of fractions 
were isolated from the same portion of hydrolyzate, increasing portions of trichloroacetic acid were added con- 
secutively. After 1 hour the precipitate was filtered off, and trichloroacetic acid was added to the filtrate un- 
til the next required concentration was reached. In most of the experiments the final concentrations of trichlo- 
roacetic acid in the solution were; 0.117, 0.234 and 0.781 M. 


The precipitates were collected on filters, washed with trichloroacetic acid of the same concentration, 
and dissolved in 0.1 N NaOH or 0.1 N HCl. Thymol was used to protect them against putrefaction, The trichlo- 
roacetate filtrates were kept without the use of antiseptics, 


In experiments in which the intermediate products were subjected to repeated pepsin treatment, the solu- 
tions of the latter in 0.1 N HCI were again partly precipitated with trichloroacetic acid of the same concentra - 
tion as before (starting point), and partly placed in the thermostat with pepsin added to the solution, and held 
in the thermostat for different times; from 15 minutes to several hours, Samples were taken from the flask at 
intervals, precipitated with trichloroacetic acid, and analyzed. 


For determinations of the amino acids, portions of the hydrolyzates precipitated with trichloroacetic acid 
were shaken with ether (for removal of the acid) and then hydrolyzed on a water bath in sealed tubes with 12 
N HCI for 12 hours. Arginine, histidine, and phenylalanine were determined in these hydrolyzates. Tyrosine 
was determined without previous hydrolysis by hydrochloric acid. 


The total nitrogen in the hydrolyzates and the fractions isolated from them was determined by the hypo- 
bromite method modified as follows [12]. After combustion of a sample containing from 0.000175 to 0.00300 g 
N, with the aid of sulfuric acid, KgSO,4, and perhydrol, the liquid was made up to 25 m1 with water. Three 
samples of 1 to 5 ml were taken for analysis. Each sample was carefully neutralized with alkali (first concentra - 
ted, then dilute) with the use of methyl red. Then 2 ml of freshly prepared hypobromite, 2 ml of 20% KI, and 
2 ml of HCl of 1:2 concentration was added to each flask. The contents were mixed, The flasks were closed 
by means of metal foil and left 10 minutes in a dark place, after which the solutions were titrated with 0,01 N 
NagS,O3. The titer of the hypobromite was determined at the beginning and end of a series of titrations for a 
closer control of its variations, The method was first checked against standard solutions of ammonia, and then 
against weighed samples of urea. 


In the last series of experiments nitrogen was determined by a modification of Conway's method [13] also 
checked against urea solutions*. 


In a number of experiments the amino nitrogen was determined by Sdrensen’s method. The formol mix- 
ture was prepared as described by Sadikov [14]. 


Arginine and histidine were determined by Macpherson's modification [15] of the Pauly and Sakaguchi 
color reactions, and phenylalanine by the Kuhn and Desnuelle method (modification of the Kapeller-Adler 
method) [16]. Tyrosine was determined by the reaction with the Millon ~ Weiss reagent [17]: 5 ml of 15% HgSO, 
in 5 N H,SQ,, and 15 ml of 1 N HgSO, was added to 3 ml of the hydrolyzate acidified with 0.3 ml of 7 N H,SQ,4. 
The solutions were placed in a thermostat for 30 minutes, and then 0.5.m1 of NaNO, and water to 25 ml was 
added to each. The red color which developed after 10 minutes was estimated colorimetrically, The deter- 
minations were carried out by means of a photoelectrocolorimeter (FEK-M) with a green light filter, S-53. 


Results of the Experiments a 


In a series of preliminary experiments the course of the pepsin hydrolysis of hemoglobin with time was 
determined. The undigested protein particles were removed from the hydrolyzates by filtration (a coarse suspen- 
sion of hemoglobin in HC] was used) and the filtrates were analyzed for total nitrogen and nitrogen not recipi-: 
tated by 0,234 M trichloroacetic acid, It was found that after 90 minutes of hydrolysis the amount ofnitrogenous 
substances precipitated by CCl,COOH reaches 22%; after 30 minutes, over 30% of the total nitrogenous substances. 


On this basis it was decided to use 1-hour hydrolysis which yields a sufficient concentration of the intermediate 
products, 


In the first group of experiments the total N was determined in the original hydrolyzate and in the hydro- 
lyzate precipitated with 0.117, 0.234 and 0.781. M CCl;COOH. The results of these experiments are shown in 


* The determinations by Conway's method were carried out by P. A. Roomere. 
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Table 1. These results show that by the use of trichloroacetic acid at different concentrations it is possible to 
precipitate various amounts of the hydrolysis products — increasing with higher concentrations of the precipitat- 
ing acid— from the pepsin hydrolyzate. Thus, the hydrolysis products of hemoglobin may be fractionated. This 
confirms the work of Mori [18] who fractionated the digestion products of gelatin by precipitation by means of 

tungstic acid of various concentrations, 


TABLE 1 


Precipitation of the Hydrolysis Products of Hemoglobin by Trichloroacetic Acid 
Duration of hydrolysis, 1 hour; CCl;COOH: hydrolyzate = 2:1 N in gper 100 ml 


Final CCl,COOH concentrationin M per || Final CCl,;COOH concentration in M per 


0 0,417 | 0,234 | 0,781 0 | 0,117 | 0,234 | 0,781 


aus 0,139 0,241 0,147 0,122 | 0,048 
0,240 -- 0,168 0,074 0,278 0,145 0,414 0,042 
0,278 0,147 |. 0,087 
0,305 = 0,156 | 0,049 Average 
| | 0,260 | 0,137 | 0,414 | 0,054 
a 0,102 0,073 0,037 ‘As % of the original N content 
0,255 0,12 —. 0,036 
TABLE 2 
Fine Fractionation of the Hydrolysis Products of Hemoglobin by Means of Trichloroacetic 
Acid 


Duration of hydrolysis, 1 hour; CCl;COOH: hydrolyzate = 2:1 N in g per 100 ml 


Final CCl,COOH concentration in M per liter 


0 | 0,093 0,109 0.4 0,156] 0,175] 0,234] 0,312 0,391} 0,524) 0,584) 0,784 


0,278) 0,240} 0,231) — | 0,411) 0,073) 0,071) — | 0,073) 0,072) 0,074) 0,059) 0,049 
0,266} 0,189) 0,206) 0,198} 0,156) 0,150} 0,149) 0,141) 0,123) 0,110} 0,080) 0,069) 0,069 
0,241] 0,170} 0,155] 0,174] 0,139] 0,417] 0,117] 0,104] 0,087] 0,065] 0,051) 0,045) 0,036 


For a more precise study of this, experiments were carried out on the precipitation of hydrolysis products 
of hemoglobin by trichloroactetic acid at 12 different concentrations, These experiments (see Table 2) showed 
that a finer fractionation of the hydrolysis products of hemoglobin is possible. In addition, they showed the ex- 
istence of trichloroacetic acid concentration regions in which equal amounts of the digestion products are pre- 
cipitated: one such region lies between 0.078 and 0,108 .M, and another between 0,156 and 1.175 M. Possibly 
other regions of this type might have been disclosed by a more detailed investigation. 


Thus, the existence of numerous fractions in the products of the pepsin hydrolysis of hemoglobin may be 
considered as proved. Another question arises: are they to be regarded as the result of a gradual degradation 
of the hemoglobin molecules, or as different fragments of the polypeptide chain which have, because of their 
different amino acid contents, unequal stability in solution? Rudd [19] put forward a similar view concerning the 
intermediate products of the hydrolysis of egg albumin. Three lines of investigation were followed in order to 
answer this question: 1) the amino N in different fractions of the hydrolyzate was determined, 2) certain amino 


acids were determined in the fractions, 3) some of the isolated fractions were subjected to further pepsin treat- 
ment. 


Amino nitrogen was determined in trichloroacetic acid filtrates after precipitation of the hydrolyzate with 
acid of different concentrations. The filtrates after precipitation with 0.234 and 0.781 M acid were the ones 
chiefly studied. 
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TABLE 3 


Amino Nitrogen Concentration in Hydrolyzates After Precipitation With Trichloroacetic Acid 
of Different Concentrations 


NH, -N as fo of total N 


Final CCl,;COOH in M per liter: 


0,078 0,093 | 0,447 | 0,156 0,234 | 0,312 | 0,5: 


16,2 19,3 _ 21,4 
- 20,6 21,4 22,4 
-- 19,6 

— 21,8 

16,4 


i 


21,4 
19.9 
22,4 


Average 
16,2 | 19,9 | | 21,4 | | 36,8 | 


* The second value was calculated after omission of the low value of 16.4. 


Table 3 shows quite clearly that the amount of amino N gradually increases, While in the filtrate after 
precipitation with 0,078 M acid the amino nitrogen approximately corresponds (after corrections for lysine and 
non-amino N) to an average molecule consisting of seven amino acids, the average molecular size in the fil- 
trate after precipitation with 0.781 M acid corresponds to a tripeptide. 


It is seen that the amino content in the region of 0.117-0.234 M acid is constant. In the same region 
the change of total N is only 6% (from 50.3 to 44.0) of the total N in the hydrolyzate, 


If we allow for the slight inaccuracy of the calculation, which was based on the assumption that the dif- 
ferent amino acids are distributed uniformly among the hydrolyzate fractions, which is not strictly true, then the 
average size of the lowest molecular weight fraction (precipitation by 0.781 M CCl,COOH) is in good agreement 
with the average molecular size of the low-molecular products of the peptic digestion of horse globin, calculated 
by Desnuelle et al, [10]:their values correspond to tri- or tetrapeptides, and ours to tripeptides, 


In the amino acid determinations at first it seemed possible not to carry out a complete analysis of the 


mixture of peptides, already extensively split by pepsin, but to analyze the trichloroacetic acid filtrates direct 
for their amino acid contents, 


It was therefore necessary to eliminate the influence of trichloroacetic acid on the development of the 
color, The Pauly and Sakaguchi color reactions were carried out with solutions of histidine and arginine in water 
on the one hand, and in trichloroacetic acid (0.5-1.0 ml of 20% CCl,COOH per 10 ml of solution) on the other. 
Before the addition of the reagents causing color formation, the acid was neutralized against litmus, After the 
color had developed, colorimetric determinations were carried out: the results for arginine were 1,26- 10~ and 
1.27: 10~ g, and for histidine 0.32- 10™ and 0.36.10 g; thus the results practically coincided. 


‘As has been stated, histidine was determined by means of the diazo reaction. However, tyrosine also gives 
this reaction, Since tyrosine was determined separately, it was possible to apply the appropriate correction to 
the values for histidine. Quantitative determinations of the intensity of color given by tyrosine and histidine 
separately, and by the mixed amino acids, showed that the color development was additive. 


In six experiments the contents of tyrosine, arginine, and histidine were determined in the trichloroacetic 
acid filtrates obtained after precipitation of hydrolyzates with 0.234 and 0.781 M acid (Table 4), 
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TABLE 4 


Contents of Certain Amino Acids in Pepsin Hydrolyzates of Hemoglobin, Precipitated with 0,234 M 
(F-2) and 0,781 M (F-3) CCly;COOH 
Amino acid concentration x10™ g N in 1 ml of filtrate 


F-2 F-3 
tyrosine histidine * arginine tyrosine histidine” arginine 
0,486 2,44 1,20 0,177 0,675 0,69 
0,492 3,09 1,59 0,186 0,912 0,84 
0,639 2,84 1,47 0,262 1,200 0,84 
0,462 1,77 1,32 0,207 . 0,570 0,68 
0,576 1,67 0,83 0,201 0,520 0,48 
0,564 1,46 0,83 0,185 0,698 0,28 
Average 
0,536 | 2,24 | 1,22 | 0,203 | 0,763 | 0,63 
Amino acid nitrogen as%of total nitrogen 
3,7 | 15,4 | 8,3 | 3,3 | 12,6 | 10,4 


* No correction applied for tyrosine. 
Pp y 


TABLE 5 
Nitrogen Contents of Fractions Precipitated by Trichloroacetic Acid at Concentrations from 0.117 
to 0.234 M (P-1) and from 0,234 to 0.781 M (P~2) : 


p-2 

N in g per 100] N in g per 10 nfraction. | N ing per 100! N pes 100 | N infraction 
ml of analyzed mh oF origi- ch of total N| ml of axalyzed! ml of origi- | as% of total N 
liquid hydrolyzary liquid | talvolume. | inhydrolyzate 

0 ,0257 0 ,0236 9,5 0,0459 0,0687 26,4 

0,0571 0,0241 9,7 0 ,0488 0 ,0730 28,5 

0 ,0298 0 ,0270 10,4 0 ,0456 0,0683 26,3 

0 ,0283 0 ,0256 9,8 0,0435 0 ,0657 25,3 

Average 
0,0277. | 0,0254 | 9,85 | 00,0460 | 0,0688 | 26,6 


The results of this series of experiments show that. fairly similar amounts of the different amino acids 


are found in the filtrates obtained after precipitation with trichloroacetic acid at various concentrations, How- 
ever, while these results may be considered as equal in the case of tyrosine, there is some uncertainty in the case 


of histidine and arginine. It was therefore decided to extend the determinations of the amino acid contents in 
different fractions of the pepsin hydrolyzates of hemoglobin. 


Three fractions of the enzymolysis products were isolated: 1) precipitated in the acid concentration range 
from 0.117 to 0.234 M; 2) precipitated in the range 0,234 to 0.781 M; and 3) not precipitated by 0.781 M acid. 


All three fractions were isolated consecutively from the same hydrolyzate, The nitrogenous substances pre - 
cipitated by 0.117 M trichloroacetic acid were rejected, Table 5 shows the nitrogen contents in the first two 
of these fractions. 


ae 
3 
| 
4 


TABLE 6 
Contents of Histidine, Arginine, Tyrosine, and Phenylalanine* in Fractions of the Pepsinolysis 
Products of Hemoglobin 

Amino acid concentration x10~ g per 1 ml of solution 


Histidine Arginine 


P-2 P-2 


0,165 0,379 0,170 0,310 
1,103 0,397 0,370 

1,057 0,420 0,309 

0,678 0,420 

1,070 0,379 

0,704 0,314 

0,896 0,408 

0,870 0,375 

0,998 0,356 


Average 


0.949 | 0,383 | 0,294 0,278 


As % ot the total N of the given fraction 
20,6 | 19,3 | 10,2 


Tyrosine Phenylalanine 


P-2 F-3 P-2 


0,242 0,073 
0,193 0,073 
0,193 0,067 
0,139: 0,083 
0,197 0,069 
0,185 0,085 
0,223 0,092 


Average 
0,192 | 0,077 | 0,164 


As % of the total N of the given fraction 


The adjacent values for different amino acids do not always represent the same experiment. 


** No correction applied for tyrosine. 


It was found that the N distribution between the fractions was fairly constant in different experiments, 
which suggests that these fractions are fairly well-defined groups of substances. The content of the P-1 frac- 
tion is about 10% of the total nitrogen of the hydrolyzate, while the content of the P-2 fraction is over 26%, It 
is seen from Table 1 that the amount of substances not precipitated by trichloroacetic acid (F-3) is about 21% 
of the total N. 


4 
P-1 | F-3 
0,501 | 0,480 
0,542 | 0,440 4 
0,648 0,350 a 
0,542 0,242 a 
0,542 0,270 
0,594 0,272 
0,595 
0,623 
0,638 
0.590 | 
7 P-1 | | F-3 4 
| 0,162 0,119 0,243 0,212 a 
0,177 0,185 0,264 0,246 = 
0,123 0,174 0,186 
0,087 0,190 0,268 0,195 
0,102 0,153 0,282 0,252 
0,124 = = 
0,128 | | 0,266 | 0,248 
4,5 42> a 
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TABLE 7 
Pepsin Digestion of P-1 and P-z Fractions 
In g* 10~ of tyrosine formed during the hydrolysis per 1 m1 of solution 


0,85} 1,00} 1,00} — 


* The solution was left for more than 3 hours after being made in 0.1 N HCl, before the start of the experiment; 


It was shown in special experiments that after 12 hour hydrolysis with 12 N HCl the color given by arginine 
and histidine solutions in the Sakaguchi and Pauly reactions is more intense than before hydrolysis. Therefore, 

in this series of experiments, the above-mentioned three fractions of the pepsin hydrolysis of hemoglobin were 
subjected to acid hydrolysis. In addition to tyrosine, arginine, and histidine, phenylalanine was also determined 
in the hydrolyzates, The results are shown in Table 6. 


The histidine contents in Fractions P-1 and P-2 are exactly the same, The slightly lower content in the 
lowest molecular weight fraction F-3 is within the error limits, although the deviation is in the same directions 
as the greater difference between the Fractions F-2 and F-3 in Table 4. Arginine shows much greater variations, 
and the highest concentration is found in the lowest molecular Fraction F-3. The lowest values were found in 
the Fraction P-2, This suggests that decomposition of the P-1 fraction involves considerable amounts of argi- 
nine being split off. The general trend of the changes in the amount of ariginine remains the same as in the ex- 
periments shown in Table 4, 


Within the limits of experimental error, the percentage content of tyrosine was the same in all three frac- 


tions, which agrees with the results shown in Table 4, No correction for tyrosine was therefore applied to the 
results for histidine. 


As regards phenylalanine, while its contents in the precipitates of the P-1 and P-2 fractions are the same, 
its content in the F-3 fraction, not precipitated by trichloroacetic acid, is double that of the first two. Possibly 
this is explained by accumulation of the free amino acid in the non-precipitable fraction; the work of Desnuelle 
et al. [20] indicated that this amino acid is split off by pepsin. An interesting fact is that, in contrast to the 
splitting-off of arginine, phenylalanine is apparently split off in the early stages of the hydrolysis; its contents 
in Fractions P-1 and P-2 are the same, 


Finally, in the last series of experiments, it was investigated whether the Fractions P-1 and P-2, obtained 
by consecutive precipitation of the digestion products of hemoglobin by trichloroacetic acid at different concen- 
trations, can be hydrolyzed by pepsin. These fractions were precipitated, washed on the filter, dissolved in 0.1 
N HCI and placed in the thermostat; when the temperature was equalized, various amounts of pepsin solution 
were added; from 3.18* 107° g to 0.6- 107° g of pepsin nitrogen per 1 ml of mixture. 


The experiments represented in Table 7 showed that both fractions are digested by pepsin: the increase 
in the amount of tyrosine, not precipitated by trichloroacetic acid, in the solution is very appreciable. How- 
ever, the hydrolysis takes a different course in the two fractions. While the P-1 fraction is digested rapidly, as 
is shown by the rate of increase in the tyrosine content in the solution, and as is visible by the disappearance 
of turbidity on precipitation with trichloroacetic acid, the P-2 fraction is fairly stable: the tyrosine content 
increases relatively slowly, and turbidity forms on addition of the precipitant even after 5.5 hours of digestion, 
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DISCUSSION OF RESULTS 


A series of fractions of the intermediate digestion products can be obtained by precipitation of a 1-hour 
pepsin hydrolyzate of hemoglobin by trichloroacetic acid. The amounts of N for each fraction (P-1, P-2, F-3) 
are fairly constant, indicating a regularity in their formation, Equal amounts of nitrogenous substances, with 
equal percentage contents of amino N, are precipitated in definite ranges of precipitant concentration. In such 
a region a definite fraction is precipitated in relatively pure form. 


An investigation of the contents of certain amino acids in two fractions (P-1 and P~-2) of the digestion 
products showed that these fractions do not differ in the contents of three of the four amino acids (histidine, 
tyrosine, phenylalanine); only the arginine content differs . On the other hand, the higher the concentration 
of the trichloroacetic acid used for precipitation, the smaller are the particles of the digestion products of the 
protein found in the filtrates after precipitation. This can be seen from their increase of the % amino N con- 
tent. Finally, experiments on pepsin hydrolysis of two intermediate fractions of the digestion products showed 
that they are in fact “intermediate” substances, capable of being split further, This should be even more ap- 
plicable to the fractions of higher molecular weight, precipitated by trichloroacetic acid at lower concentra - 
tions. 


It thus becomes obvious that during the pepsin hydrolysis of hemoglobin large amounts of interinediate 
products accumulate in the solution, which differ not so much in their amino acid composition as in their 
degree of molecular degradation. Only the F-3 Fraction, which passes into the filtrate after precipitation of 
the hydrolyzate with the strongest trichloroacetic acid solution, 0.781 M, consists of “end products" of hemo- 
globin hydrolysis, with an average molecular weight corresponding to a tripeptide. After 1 hour digestion 
this fraction represents about 21% of the total hydrolyzate N. It contains excess of phenylalanine and arginine 
in comparison with the preceeding fractions (P-1 and P-2). With regard to phenylalanine, the reason for its 
higher content in this fraction is probably the accumulation of the free amino acid, as was shown by Desnuelle 
[20] in the pepsin digestion of horse globin. In our experiments the free amino acid present could lower the 
average molecular weight of this fraction. 


Old work by Lieben and Lieber [21] indicates the possibility of the formation of free arginine, However, 
no free arginine has been found in the products of protein hydrolysis during recent investigations (20, 22, 23]. 
Possibly it is split off as lower peptides. This appears highly probable on the basis of experiments by Tsou [24]. 
who digested cytochrome C with pepsin and did not find any arginine, tyrosine, or tryptophan in the residue, 


A comparison of our results with the work of Desnuelle, Rovery, and Bonjour [10] who used pepsin to split 
horse globin, showed that these authors, who separated the digestion products into two fractions by precipitation 
with 0.3 M trichloroactetic acid, found them to contain different hydrolysis products, The high-molecular frac- 
tion after 30 minutes of digestion was found to contain peptides 32-45 amino acid residues in length; after 90 
minutes ~ 19-23 amino acid residues. The low-molecular fraction was found to contain peptides consisting of 
12 amino acid residues, while after prolonged digestion the splitting proceeded as far as tetra- and tripeptides. 

It is highly probable. that the P-2 fraction, precipitated by trichloroactetic acid at 0,234-0,781 M concentra - 
tions, corresponds to Desnuelle's dodecapeptides, In this connection the relatively slow splitting of the P-2 frac- 
tion by pepsin is of interest. In Desnuelle's work the dodecapeptides were converted into tetra~ and tripeptides 
during the second digestion stage, described by the authors as "slow", “non-specific”. 


Hence it may be claimed that proteolytic processes cannot be studied only by investigations of the low- 
molecular products obtained either after precipitation of the protein hydrolyzates by 0.3 M or stronger solutions 
of trichloroacetic acid, or by dialysis. This may result in the rejection of the main bulk of the intermediate 
products of hydrolysis. The view that these consist of “undigested” protein can hardly now be defended, Never- 
theless, most of the work intended to confirm the views of Tiselius and Eriksson-Quensel [5] on the "explosive" 
splitting of proteins by pepsin, and on the application of the "all or none" law to the enzymatic splitting of pro- 
teins, is based on experiments of this type [7-9]. 


The supporters of the Tiselius hypothesis studied the following proteins; eggand serum albumins, fibrin, 
casein, and 6 -lactoglobulin [7-9]. However, there is abundant evidence in the literature for the formation of 
intermediate hydrolysis products during the digestion of these proteins by pepsin. Under favorable conditions, 
up to 10 peaks were found on the electrophoretic curve after digestion of both proteins [25}. Egg albumin was 
found to be split into at least three fractions of digestion products, with molecular weights of 30000, below 2000, 
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and intermediate, as shown by compressibility determinations on monomolecular films [26]. Moring-Claesson 
(27] isolated a series of fractions coi, aining from 10 to 35% amino N, and differing from each other in their 
amino acid composition, from the peptic hydrolysis products of egg albumin, Finally, Desnuelle et al, [10] 
also found large peptides in the “protein” fraction of hydrolyzates, while the “non-protein” fraction contained 
not only the ultimate tri- and tetrapeptides, but also the higher hexa- and pentapeptides, 


It was found in Solovyev's laboratory (28, 29] that in the early stages of the digestion of fibrin and casein 
by pepsin intermediate products are formed which have a high molecular weight and which can undergo further 
splitting by pepsin. These intermediate products of higher molecular weight are found in all three fractions — 
neutral, acid and alkaline — obtained by means of preparative electrophoresis. It is true that the largest mole- 
cules were found in the neutral fraction, Similar results were obtained by Desai [30], who separated peptoly - 
zates of fibrin and casein by dialysis through a series of membranes with different pore sizes, 


Thus, proteins which obey the “all or none" law during pepsin digestion may be split with formation of 
intermediate products. We were not able to find records of similar investigations on 6 -lactoglobulin in the 
available literature. However, it is unlikely that this protein would be an exception. In addition, a number of 
proteins not studied by the supporters of Tiselius's view are also split with formation of intermediate products, 
These include: globin and hemoglobin ({10] and the present paper), actomysin [1-4], serum euglobulin and 
pseudoglobulin [31], gelatin [18], and glutelin (30). 


There is no doubt that the main type of peptic hydrolysis of proteins is the consecutive splitting type, which 
proceeds through a series of intermediate products, described in the present paper and observed by numerous 
workers, The composition and size of the polypeptide fragments produced by proteolysis may vary greatly for 
different proteins with peptide links of different structure, of varying susceptibility to pepsin attack, from par- 
ticles differing little in size from the original protein, to free amino acid molecules. If the peptide bond ar- 
rangement in the protein molecule is favorable, the amino acids may be split off during the first stages of diges- 
tion. It is highly probable that phenylalanine is split off in this way during the digestion of hemoglobin and 
globin. In view of the great diversity of peptide bonds split by pepsin (10, 22, 23], peptic hydrolysis of proteins 
rapidly leads to accumulation of large amounts of low-molecular products, and in some cases may simulate de- 
composition of the “explosive” type. Similar views were put forward by Chernikov [32]. 


It should be remembered that the rates at which different peptide bonds are split may vary with the diges- 
tion conditions. Currie and Bull [26] studied this in the case of egg albumin and found that increase of pH above 
2, relatively low temperatures, and increase of the pepsin: protein ratio, all favor the rapid splitting of the pro- 
tein into small fragments, An interesting fact is that they, in contrast to other workers (1, 10, 27, 28] did not 
find a variation in the quantitative proportions of the fractions with different digestion times, Similar relation- 
ships can probably be found for other proteins, For example, Petermann [31], who studied the peptic hydrolysis 
products of serum globulins with the aid of the ultracentrifuge, found particles with half the molecular weight 
of the original molecules, particles with one quarter of the original molecular weight, and even smaller particles, 
The larger particles were found after slow hydrolysis at high pH (up to 4.5) and low temperatures (room or 5°), 
We. found [1] that when myosin (actomyosin) is digested at pH 2.87 with*pepsin, large amounts (up to 50% of 
the hydrolyzate N) of high-molecular intermediate products accumulate, It is interesting that Tiselius and 
Eriksson -Quensel [5] used 0.5-1.0 N acetic acid.asthe medium for the albumin digestion, as these are the opti- 
mum conditions for the formation of small fragments. 


In view of the above, the types of proteolysis described by Michalyi and Szent-Gyorgyi [6] are schematic. 
During peptic hydrolysis the peptide bonds are broken both in the center of the chain and at its ends, at dif- 
ferent rates in different cases, according,to; 1) the positions of the different peptide bonds along the molecule, 
and 2) the external conditions of hydrolysis, The “explosive” type of hydrolysis depends on the same factors, and 


is essentially caused by the more rapid splitting of the small fragments formed, in comparision with the mole- 
cules being still split little or not at all. 


The Tiselius and Eriksson-Quensel concept that protein molecules are either split completely or not at 
all ("all or none") is clearly at variance with the facts. 


SUMMARY 


In the digestion of hemoglobin by pepsin, numerous hydrolysis products of the protein molecule, which 
may be fractionated by precipitation with trichloroacetic acid of different concentrations, accumulate in the 
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hydrolyzate, As the trichloroacetic acid concentration increases, the molecular weight of the hydrolysis pro- 
ducts remaining in solution decreases, as is shown by their increasing amino nitrogen content. 


The intermediate fractions isolated from the hydrolyzate can be subjected to further hydrolysis. 


The fraction of the final digestion products is richer in phenylalanine and arginine. Its average mole- 
cular size corresponds to a tripeptide. , 


The experimental results and a review of the literature show that all proteins are split by pepsin with the 
formation of intermediate products, but the splitting process may vary greatly in detail in different cases, de - 
pending on: 1) the position of the various peptide bonds along the chain, and 2) the external conditions (pH, 
temperature, ratio between enzyme and substrate, etc.) 


The hypothesis put forward by Tiselius and Eriksson-Quense] that proteins are split by an “all or none” 
mechanism is not supported by the facts, 
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METHOD FOR THE DETERMINATION OF HEXOSA'MINE-CONTAINING COMPOUNDS 
IN BIOLOGICAL MATERIAL 
B. N. Gladyshev 


A. N. Bakh Institute of Biochemistry, Academy of Sciences USSR, Moscow 


In the course of development of a method for the determination of easily hydrolyzable hexosamine -con- 
taining compounds in plant material it was found [1] that the application of the method of Elson and Morgan 
(2] for this purpose is hindered by two types of substances formed owing to the presence of considerable amounts 
of carbohydrates in plant materials, which give a color similar to that given by hexosamine in the Elson and 
Morgan reaction. First, as was shown in a study of Neurospora crassa [3], the gelatinous membranes of echino- 
derms [4], pineapple leaves [5], and model mixtures [6], and as we showed in investigations of hydrolyzates 

and aqueous extracts of various plant materials and model mixtures [1], these are condensates formed when the 
extracts or hydrolyzates are heated, by reactions between certain nitrogenous compounds and carbohydrates, 
when heated in an alkaline medium both with and without acetylacetone. Second, these are condensates formed 
by reactions between the same substances in dehydration conditions at elevated temperatures, which may oc- 
cur when the material is dried or extracted with alcohol. These water- and alcohol-soluble condensates, which 
we have termed pseudohexosamines, are, like the hexosamines, absorbed by cationites and eluted from them. 


Formation of substances of the first type was prevented by the passage of a neutralized hydrolyzate through 
a cationite column and determination of hexosamines in the eluates free from sugars, The formation of con- 


densates of the second type was prevented by fixation of the material with acetone in the cold, with subsequent 
extraction with boiling formaldehyde — alcohol mixture (1: 5). 


In the development of a technique for the determination of difficulty hydrolyzable hexosamine -contain- 
ing substances..as chitin in biological material, it was established by the use of many model mixtures (such as 
mixtures of lysine and glycocoll — substances which have a clearly defined ability to form condensates with 
carbohydrates of similar colorimetric behavior to hexosamines — glucose; mixtures of peptones from casein with 
glucose; hydrolyzates of these peptones and casein with starch, etc.) that prolonged heating of the mixtures in 
strong (20%) HCl for 6 hours at 100° considerably diminishes the possibility of formation of substances of the 
first type, probably mainly as the result of destruction of the carbohydrates on heating in strong mineral acids 


[7]. 


Our experiments have also shown that elimination of the causes which hinder amino sugar determination 
is also aided by neutralization of the hydrolyzate followed by filtration, which removes the hydrolysis. products 
of the materials studied which are precipitated on neutralization. It was also shown that addition to the neutraliz- 
ed hydrolyzate, which is essentially a saturated NaCl solution, of -a gpixture of concentrated HCl and 80% 

CC1,COOH (1: 1), results in the formation of clear, almost colorless hydrolyzates, suitable for colorimetric 


determinations, and finally removes substances which form condensates which simulate the hexosamines from 
the hydrolyzate, 


On the basis of the facts established in the development of this technique, and also of a technique for 
determination of easily hydrolyzed hexosamine -containing compounds in plant materials, it is possible to 
devise a method for the determination of the total amino sugar content of the easily and difficulty hydrolyza- 
ble hexosamine -containing compounds in biological material. This procedure consists of a combination of 


measures for the elimination of causes of interference in the determination of hexosamine-containing com- 
poundsin biological material (and, most important, in plant material), 
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EXPERIMENTAL 


1, The material is fixed in acetone in the cold (in a refrigerator), with the acetone changed twice dur- 
ing two days. 


2. The vacuum-dried material is extracted four times with 40 times its own volume of boiling formalin — 


alcohol mixture (5:1). Material with a high lipid content, such as the seeds of certain plants, egg yolk, etc., 
is first extracted with ether, 


3. The extracted material is first partly dried under vacuum and then taken to constant weight in a dry- 


ing oven at 50°; a weighed sample (100-250 mg) is then hydrolyzed in 5-10 m1 of 6 N HC] for 6 hours in a 
flask under reflux on the boiling water bath. 


4, The hydrolyzate is filtered (through ordinary filter paper) or decanted, and then neutralized with 
NagCOg, and NaHCO. 


Stages 5 and 6 are decisive for elimination of causes of artifacts and for ensuring that the hydrolyzate 
has the necessary clarity. 


5. To 3-4 ml of the hydrolyzate, filtered again after neutralization, and consisting of a saturated solu- 
tion of NaCl, a mixture of concentrated HCl and 80% CClz,COOH (1:1) is added; 1.25 ml of the mixture is 
taken per 1 ml of the hydrolyzate. A brown oily liquid (insoluble in acetone) is precipitated and collects at 
the bottom. The results obtained by mixing of a saturated NaCl solution, with the above HC1—CCl,;COOH mix- 
ture suggest that this liquid, heavier than saturated NaCl solution, is CCl,;COONa, which is insoluble in saturated 
NaC! _ solution and which is precipitated as a liquid phase; and the hydrolytic products of the material under 
investigation are removed with this and confer a brown color on it. Experiments with starch hydrolyzates and 
glucose solutions showed that colored products of the acid hydrolysis of carbohydrates are easily removed from 
solution in this way; the same applied to the hydrolysis products of proteins. 


6. Addition of NagCOg, to the mixture purifies the hydrolyzate further from colored materials, improves 

its optical properties, and favors elimination of artifacts; the amount of NagCOs added should be such that a 
certain excess of HCl remains. If this is not done, some of the removed hydrolysis products are redissolved. 
Good results are obtained when 1 g of NagCOg is added per 2,50 ml of the 80% CCl;COOH —concentrated HCl 
mixture, To speed up the work, it is convenient to add all the NagCOsy at once, Since 1 g of Na,COg, has a 
volume of approximately 1 ml, the NagCO, powder is measured in a graduated test tube and packed down by 
light shaking. The hydrolyzate treated in this way is decanted through q filter, It must be pointed out that 
the heavy liquid phase which contains the products of the hydrolysis of the material, is easily filtered. 


7. The amino sugars are determined in the clear, almost colorless hydrolyzate by the colorimetric 
method of Elson and Morgan [2]. For this, 1.0 ml of the hydrolyzate (or 0,1-0.5 ml made up to 10 ml with 
water) is placed into a test tube with a ground glass stopper and carefully neutralized. 1 ml of acetylacetone 
solution (1 ml of acetylacetone dissolved in 50 ml of 1.5 N NagCOs) is then added and the walls of the tube 
are rinsed with 1 ml of water, The tube is placed in a boiling water bath, the stopper is inserted after 5 min- 
utes, and the tube is heated for 10 more minutes. A control sample is taken at the same time, either for each 
sample or for all the samples jointly, which differs from the experimental samplesconly by the absence of ace - 
tone in the alkaline solution. The tubes are cooled rapidly, 96% alcohol is added up to 8 ml, then 1 ml of 
Ehrlich reagent (0.8 g of p-dimethylaminobenzaldehyde in 30 ml of concentrated HCl and 30 ml of 96% alco- 
hol), then alcohol to 10 ml, and the mixture is mixed by shaking. After 40 minutes the determinations are 
carried out with the aid of a photometer with a 530 my light filter, or an electric photocolorimeter with a 
green light filter, with comparisons against the control. 


The accuracy of the method was determined as follows: 2 and 4 mg lots of glucosamine hydrochloride 
were added in aqueous solution to sampleg(500 mg) of preparations of tea leaves, cabbage leaves, sunflower 
seed husks, thalloma of brown Laminaria and red Ahnfeltia seaweed, Spongilla, white matter of human brain, 
soya glycinin, and a model mixture of 250 mg of soya glycinin and 250 mg of glucose. Hydrolyzates of these 
materials were treated as described above, and the characteristic hexosamine color was formed. The tea leaf, 
cabbage leaf, and Laminaria preparations were found to contain 300 mg % of hexosamines, the Ahnfeltia thal- 
loma 250 mg %, Spongilla and white substance of the human brian, 1240 and 780 mg % respectively, and the 
soya glycinin and sunflower seed husk preparations, 500 and 130 mg % respectively. These results were used 
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in calculations of the accuracy of the method, The preparations were treated by Stages 1 and 2 of the above 
procedure; that is, they were subjected to fixation, extraction, and drying (the preparation of human brain 
white substance was defatted by ether in a Soxhlet apparatus before extraction), After hydrolysis of these 
materials together with the added glucosamine, hexosamines were determined by the method described, ~70% 
of the added glucosamine was found in the analysis (see table), 


TABLE 
Test of the Accuracy of the Method 


Material % of the added glucosamine found 
after addition of | after addition of 
2 mg of glucosa~ | 4 mg of glucosa- 


| mine hydrochlo- mine hydrochlo- 


‘ride ride 


White substance of 


human brain 68 68 
Spongilla 69 70 
Tea leaves 70 710 
Cabbage leaves 72 13 
Sunflower seed husks 712 713 
Laminaria 69 68 
Ahnfeltia 2 13 
Glycinin 66 67 
Model mixture 71 710 


Results obtained after hydrolysis of glucosamine hydrochloride alone (at concentrations of 2 and 4 mg/ 
ml) in 6 N HCI for 6 hours at 100° show that the hexosamine losses seen in the table occur largely as the re- 
sult of hydrolytic destruction of hexosamine in strong acid; about 18% of the glucosamine was destroyed (ad- 
dition of a mixture of concentrated HCl and 80% CCl,;COOH to the neutralized hycrolyzate did not result in 
loss of hexosamines). 


Thus, some of the hexosamine content is inevitably lost by hydrolytic destruction in strong mineral acid 
and by condensation with the decomposition products of the material during hydrolysis. 
SUMMARY 


A method fox determination of the total high-molecular easily and difficulty hydrolyzable hexosamine - 
containing compounds in biological material has been developed. 
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MECHANISM OF THE ACTION OF UREA ON SULFHYDRYL (THIOL) GROUPS 
B. N. Maukhin 


Laboratory of General and Comparative Physiology, A. N. Severtsov Institute 


of Animal Morphology, Academy of Sciences USSR, Moscow 


Urea, which is widely used at concentrations of the order of 3-18 M as a denaturation agent in biochem- 
ical investigations of proteins, occupies a special position among substances which act on thiol groups, The 
number of free thiol groups in proteins increases by the action of urea; for example, the thiol group content in 
myosin is more than doubled upon denaturation by urea [1]. In experiments with low molecular thiol com- 
pounds Pasynsky and Chernyak [2) found that oxidation of thiol groups by atmospheric oxygen increases in satura - 
ted solutions of urea. They found that this oxidation is accompanied mainly by formation of disulfide groups. 


Urea in lower concentrations (0.17-0,34 M) does not cause denaturative changes in proteins, but influences 
certain physiological processes. For example, Koshtoyants [3] showed that muscle fatigue under indirect stimulus, 
the development of which is associated with the dynamics of SH group conversion, is removed under the action 
of urea, In further investigations by Koshtoyants and his co-workers [4] it was shown that under certain condi- 
tions urea restores the action of certain organs which had been disturbed by thiol poisons. However, as was shown 
by experiments on the frog heart, this effect is temporary, and after removal of the urea the contractile properties 
of the myocardium again deteriorate [5]. Thus, urea has a peculiar effect under living conditions. 


To elucidate the mechanism of the restorative action of urea, and the role of SH groups in this process, 
we studied the influence of urea on certain biochemical processes involving SH groups. The éffect of urea on 
the synthetic thiol compound “unithiol" (sodium 2,3-dimercaptopropane disulfate), the thiol enzyme succinic 
dehydrogenase, and respiration of liver tissue homogenate, was studied. 


EXPERIMENTAL 


The influence of urea on SH group reactivity was determined by the rate of decoloration of methylene 
blue in unithio! solution, since it is known that in the presence of thiol compounds methylene blue is reduced 
to the leuco form by oxidation of the SH groups. 


Immediately before the experiments a 0.6% solution of unithiol was made in M/15 phosphate buffer (pH 
7.8). The reaction mixture consisted of; 2.0 ml of unithiol solution; 0.1 ml of 1:5000 methylene blue; 0.6 
ml of M/15 phosphate buffer, and 0.2 ml of 5 M urea solution. The control tubes contained 0.2 ml of distilled 
water instead of urea, . 


The results of these experiments are shown in Table 1, where it is seen that urea accelerates the decolora- 
tion of methylene blue approximately 2.5 times. 


In the following series of experiments the effect of urea on the activity of succinic dehydrogenase was 
studied. The activity of the enzyme was measured by the rate at which methylene blue was decolorized by 
frog heart muscle homogenate in presence of succinate, 


A homogenate of frog heart ventricle was made in M/15 phosphate buffer (pH 7.8) to give 50 mg of the 
heart tissue in 1 ml of homogenate. The reaction mixture consisted of 1.0 ml of the homogenate; 0.3 ml of 1% 
succinic acid neutralized by 0.1 N NaOH; 0.1 ml of 1:5000 methylene blue, 0.4 ml of phosphate buffer; and 0.2 
m1 of 3.4 M urea solution or distilled water. 
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TABLE 1 TABLE 2 


Decoloration of Methylene Blue by Unithiol in Presence Effect of 0.34 M Urea Solution on the Respira - 
of 0.34 M Urea Solution tion of Liver Homogenate 


Decoloration time in minutes Decoloration Oxygen absorbed, microl O, absorbed 
fate in experi 


ment as % of 
control rate control | expt. 


liters per hour 
in control in experiment 


20,5 6,0 342 _a)immediately after addition of urea 
32,5 12,5 260 

13,0 8,0 162 

18,0 6,5 a 118 163 138 
19,5 10,0 4195 67 75 112 
35,0 10,5 333 129 164 127 
32,0 12,0 267 105 134 126 
24,0 14,0 1714 100 124 124. 
20,0 6,0 333 103 134 127 
22,0 12,0 183 


106 

% 105 84 
402 

100 409 


to 40% of the control value, 


paratus by the usual method, 


J0 60 90 


min. 


vals during 1 hour in two parallel vessels, 


After addition of urea, the respiration of the homogenate in 1 hour increased by 12-38% (see Table 2, a). 


On the average, the absorption of oxygen under the influence of urea increased by 26%. 


In another variant of the experiments, for elucidation of the effect of the time of action of urea on respira- 
tion, the homogenate was first incubated with urea for 50 minutes at 38°, and then the oxygen absorption during 
1 hour was determined as before. In these conditions the respiration of the homogenate in 1 hour decreased by 


14-21% (Table 2, b); on the average, by 18%, 


The previous series of experiments showed that urea accelerates the oxidation of thiol groups in unithiol and 
lowers the activity of succinic dehydrogenase, These results together suggest that the depression of the succinic 
dehydrogenase activity was the consequence of oxidation of its thiol groups to disulfide groups. Consequently, 
substances which protect SH groups against oxidation or which reduce disulfide bonds to thiol groups, should pro- 
tect thiol enzymes against the depressing effect of urea. Ascorbic acid, thiol compounds, and a number of other 


b) after incubation with urea for 50 min. 


The plot of the experimental results (see figure) 
shows that the enzyme activity already decreases by 
about 50% after 15-20 minutes, With increasing time 
of action of urea on the enzyme the activity of the 
latter decreases further, and after 60-70 minutes falls 


The experiments on the effect of urea on tis- 
sue respiration were carried out in the Warburg ap- 


Guinea pig liver was homogenized in Ringer — 
Locke solution to give 300 mg of liver tissue in 1 ml 
Effect of urea on the activity of succinic dehydrogenase: of homogenate. The respiration measurements were 
Ordinate axis — activity of enzyme as % of control; made in an air atmosphere at 38° in small vessels 
abscissa axis ~— time of action of urea on the enzyme, with tipping side-retorts from which urea could be ad- 

ded to the vessels during the experiments, The con- 
tents of the vessels were: 2.0 ml of liver homogenate, and 0.6 ml of Ringer ~Locke solution; and the side retorts 
contained 0.2 ml of 5 M urea solution, 0.2 ml of 20% alkali was used for absorption of carbon dioxide, Distil- 
led water was used instead of urea in the control vessels, Oxygen absorption was measured at 20 minute inter- 


in experiment 
as %of con- 
trol value 


a 
7 
86 
| 79 
83 
: 
| 
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TABLE 3 


Effect of 0.34 M Urea Solution on the Respiration of 
Dialyzed Liver Homogenate 


substances have this property. It is possible that such 
substances, present in the tissue homogenate, protect 
the thiol enzymes of the respiratory system against 
inhibition of their activity by urea. To verify this, 
‘ hashed experiments were carried out with a homogenate from 
which part of the soluble substances had been removed, 
ment as % This was done by dialysis against distilled water for 
control __|_expt. of control value 6-8 hours. Ingredients of the Ringer —Locke solution 


were added to the dialyzed homogenate. 
a) immediately after addition of urea 


The absorption of oxygen by the homogenate de- 
33 28 creased after dialysis (Table 3). In this case the respi- 
ce ration of the homogenate in 1 hour decreased by 6% 
43 4h in presence of urea, so that urea did not have a signi- 
S ra ficant effect on the absorption of oxygen by the dialyzed 
be homogenate. When the time of action of the urea on 
b) after incubatfon'with urea for 50 min. . the dialyzed homogenate was increased, the inhibiting 
effect of urea became more pronounced; the results 
33 44 33, in Table 3, b show that after the homogenate had been 
po P a incubated with urea for 50 minutes the respiration de- 
32 40 34 creased by 67-69%, Incubation of thei non-dialyzed 
homogenate with urea, however, decreased oxygen ab- 
c) after incubation with urea for 50 min., 


with 4 mg/mlof unithiol added The subsequent experiments were carried out to 
173 363 210 


determine ‘the role of soluble thiol compounds in the 
pe ia a change of the reaction of the homogenate to urea after 
448 400 270 dialysis. 4 mg/ml of unithiol was added for this pur- 
oi rau —s pose to the dialyzed homogenate, incubated with urea 


164 394 243 for 50 minutes, and to the control dialyzed homogenate, 
162 365 232 


Addition of unithiol increased the oxygen absorp- 
tion both in the control and in the experimental vessels 
(Table 3,c), However, in presence of urea the respiration of this homogenate increased to a much greater extent, 
and in the first hour reached an average value of 235% of the respiration in the controls, 


Control experiments were carried out to study the absorption of oxygen by unithiol in buffer solution at 
38°. A reaction mixture containing 12 mg of unithiol absorbed about 180 microliters of oxygen in 1 hour. Urea 
had no significant effect on the amount of oxygen absorbed during this time. 


These control experiments indicate that the increased oxygen absorption of the dialyzed homogenate can 
be attributed to oxidation of SH groups in the unithiol itself. The increased oxygen absorption, under the in- 
fluence of urea, by a dialyzed homogenate which had been treated with unithiol was probably caused by the 
activating effect of urea on thiol enzymes in the presence of unithiol. 


SUMMARY 


It was shown in the first series of experiments that urea accelerates the oxidation of thiol groups in uni- 
thiol in presence of methylene blue as hydrogen acceptor. Accelerated oxidation of the SH groups probably al- 
so accounts for the inhibiting action of urea on the activity of succinic dehydrogenase (see figure). 


The action of urea on tissue respiration is more complex. It was shown that urea increases repiration of 
the homogenate . However, after 50 minutes of incubation the stimulating effect of urea decreases, and the 
rate of oxygen absorption diminishes, The explanation for this dual influence of urea on respiration is probably 
that urea, by increasing the oxidizability of the thiol groups in the enzymes, thus stimulates their specific acti- 
vity with consequent increased respiration. The thiol groups in the enzymes are oxidized to disulfide groups in 
the process, and this leads to a decrease of activity. However, so long as the homogenate has a sufficient 
reserve of substances capable of reducing disulfide groups to thiol groups (ascorbic acid, thiol compounds), the 
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activity of thiol enzymes remains high, Under the action of urea, increasing numbers of SH groups in the enzymes 
and thiol substances are converted into disulfide groups, which lowers the enzyme activity, and in consequence the 
respiration of the homogenate decreases. 


This mechanism of the action of urea is confirmed by the experiments, If some of the low molecular 
compounds, including thiol compounds, are removed from the homogenate by dialysis, urea rapidly causes a 
decrease in the respiration of the homogenate, The introduction from outside of free SH groups in the form 
of the synthetic compound unithiol into the dialyzed homogenate results in intensified respiration of the homo- 
genate under the action of urea, This shows that the different effects produced by urea on respiration are not 
associated with any particular thio] compound, but depend on the amount of free SH groups (and possibly also 
some other reducing compounds) in the homogenate. 


The results of the above experiments and literature data suggest the following mechanism for the action 
of urea at concentrations which do not cause denaturative changes in the proteins. Urea increases the oxidiza- 
bility of thiol groups both in low molecular thiol compounds and in enzymes. The increased oxidizability of 
the thiol groups, less reactive in absence of urea, makes them available to take part in the physiological pro- 
cesses. This inclusion of an additional supply of SH groups in proteins and enzymes in the physiological pro- 
cesses probably explains the power which urea has of eliminating the inhibiting action of thiol poisons on or - 
gans and tissues, of increasing the amplitude of the contractions of an isolated heart, of intensifying contrac - 
tion of skeletal muscle, and of increasing the oxygen consumption of tissue homogenates. 


More prolonged action of urea (over 50 minutes in our experiments) or a deficiency of free SH groups 
(for example, after dialysis or in experiments with succinic dehydrogenase) rapidly resuits in oxidation of thiol 
groups to disulfide groups in the enzymes, with a consequent decrease in the rate of the corresponding physio- 
logical processes, 
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CHROMATOGRAPHIC COMPARISON OF NATURAL PEPTIDES FROM SILK FIBROIN 
WITH THE CORRESPONDING SYNTHETIC POLYPEPTIDES*® 


K. G. Ioffe 


The V. M. Molotov Medical Institute, Tashkent 


The previous paper [1] described the use of a diazo method for the isolation of a large section of the poly- 
peptide chain containing tyrosine form the hydrochloric acid hydrolyzate of silk. After removal of the diazo 
reagent (by reduction with tin and hydrochloric acid) this section was split into a number of low molecular pep- 
tides, and tyrosine was simultaneously converted into aminotyrosine. which was split off from the chain and was 


subsequently removed. The residual polypeptide mixture was fractionated by two-dimensional chromatography 
into 16 individual peptides. 


The structure of these peptides was confirmed by the usual chromatographic methods of analysis [2], but 
for final confirmation of the structure which was assumed for them it was thought necessary to synthesize at 
least some of them and to confirm that the spots for the synthetic polypeptides on two-dimensional chromato- 
grams coincide with the spots for the natural compounds. 


The present paper contains a description of the synthesis of three peptides, and the results of a comparison 
of these with natural peptides for final confirmation of the structure of the latter, The following three peptides 
were synthesizéd; A-~G, G-A-G, and A-G-A-G, where A is an alanine residue and Gisa glycine residue. The last 
of these, the tetrapeptide, repeats regularly along the peptide chain of silk fibroin anu is, so to speak, the basis 
of its structure. It alternates with various dipeptides and represents 2/3 of the total amino acid residues in silk 
fibroin, The synthesis of this tetrapeptide was particularly important, as chromatographic co- incidence of the 
spots for the synthetic and natural tetrapeptides, in addition to confirming the analytical data would also con- 


firm the structure of a large part of the peptide chain of silk fibroin, for which the following general formula 
had been put forward; 


( A-~G-A-G-X-G) .. 


The amino group was protected by phthaloyl in the syntheses. A detailed desctiption of this method, an 
evaluation, and its advantages over other methods are described in the paper by Sheehan and Frank [3], which 
also gives references to earlier literature. To the best of our knowledge the use of the phthaloyl method for the 


synthesis of these three peptides has not been described in the literature, while the last of them has not been 
synthesized at all. 


The most difficult stage of the synthesis is the combination of the phthaloylamino acid chloride with an 
amino acid or peptide. Sheehan and Frank [3] quote yields of 73-77-89% (for different peptides) for this stage. 
I obtained lower yields; 37-42-33% (for other peptides). Turner [4] also obtained lower yields than Sheehan and 
Frank; 40-50-55-60-65%. It is true that the products were different in all three cases, but the important feature 


is that the conditions for this stage of the synthesis are not sufficiently well understood, rather than the nature of 
the substances themselves. 


A dioxane solutionof the acid chloride reacts with the amino acid in aqueous solution, by two simultaneous 
and competing reactions; condensation of the acid chloride with amino acid, and hydrolysis of the acid chloride 
by water. The predominance of either reaction, and therefore the yield, depends on a number of conditions; 
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temperature of the medium, rate of addition of the acid chloride solution, speed of stirring, composition of the 
medium, and, of course, the nature of the reacting substances. These conditions have all been chosen empiri- 
cally and not thoroughly worked out, and this accounts for the variability of the yields. 


EXPERIMENTAL 


Materials. The amino acids — glycine and D,L-alanine ~ were from the Voikov Factory (Moscow); the 
phthalic anhydride was analytical reagent grade; the dioxane was pure grade, from which moisture and peroxides 
were removed by leaving it to stand for two days over powdered NaOH and zinc dust, followed by heating for 
two hours on the water bath and distillation under a jet-pump vacuum; the benzene was chemically pure grade, 
kept over metallic sodium; phosphorus pentachloride (Kahlbaum) was dried for 2-3 minutes on cellophane under 
an exhaust hood on weighing in order to remove phosphorus oxychloride; ligroine, b.p. 40-70°, was previously 
purified by shaking with concentrated H,SO,, washing with water, standing over P,Os, and distillation; magnesium 
oxide was calcined for 1-2 hours in a crucible to decompose carbonates and kept in a firmly closed jar (the com- 
mercial product contained over 20% carbonates and gave unsatisfactory results) . 


The Ist fraction of a partial hydrolyzate of silk fibroin [1] was used for the natural peptides. 


Method. The method of Sheehan and Frank [8] was modified as follows; 

1. Instead of a single recrystallization of the acid chlorides of phthaloylalanine and phthaloylglycine from 
a fairly large volume of ligroine, which led to losses of the substances in the mother liquor, extraction was used. 
10-15 ml of ligroine (about 0.1 of the total required for complete solution) was added to the absolutely dry but not 
purified acid chloride, contained in the flask in which it was prepared; the flask was closed by a stopper with an 
air condenser, and heated on the water bath until the ligroine boiled. The ligroine was boiled for 3-5 minutes 
with constant shaking of the flask. The hot saturated solution of the acid chloride was poured into a previously 
weighed small thick-walled conical flask contained in freezing mixture (ice + salt) at about — 10°. In about 5 
minutes the acid chloride crystallized. ‘The cold ligroine containing a small amount of the acid chloride was 
decanted from the crystals back into the first flask containing the crude acid chloride and used to dissolve a new 
portion of the crude material, which was again crystallized in the cold flask. The process was repeated up to 10 
times, until all the acid chloride was converted into cyrstals. The losses of ligroine by evaporation during pour- 
ing were replaced by additions of new portions. Dark resinous grains remained adhering to the bottom and walls 
of the flask with the crude material. When the hot solution was decanted it was necessary to ensure, after thorough 
shaking of the solution, that the grains settled and adhered to the walls, so that they were not poured out into the 
crystallizing liquid. A sign of complete extraction of the crude material was the absence of long needlelike cry- 
stals on the walls of the flask with the crude material — a "frost pattern” after rapid drying. The ligroine was 
poured out of the. flask with the recrystallized acid chloride and its residue was driven off under a jet pump vac- 
uum to dryness, the contents then being additionally dried in an oil pump vacuum. The flask was weighed. The 


yield of acid chloride by the usual crystallization method was 81-84%, while the modifications described above 
raised the yield to 99.5%. 


2. The method used for isolation of the phthaloyl peptides was also modified. The reaction mixture obtain- 
ed after the reaction between the phthaloylamino acid chlorides and the amino acids or peptides was not acidified 
at once, but filtered to remove excess MgO; after which the clear filtrate was distilled under vacuum at 50° on 
the water bath until a thick syrup was obtained (dioxane was removed in the process). The syrup was quantitative- 
ly transferred into a beaker and 10-20% hydrochloric acid was added dropwise with stirring until a precipitate 
ceased to form. The amount of precipitate was increased somewhat if the mixture was kept in a refrigerator at 
3-5° for twenty-four hours. In the synthesis of dipeptides this procedure does not appear to have any special ad- 
vantages over the method described by Sheehan and Frank [3], except perhaps a slight decrease of losses owing 


to the solubility of phthaloyl peptides in an aqueous medium, resulting from a decrease of the solution volume 
on acidification. 


In the synthesis of the tri- and especially the tetrapeptides, however, preliminary concentration of the sol- 
utions is essential in view of the increased solubility cf phthaloyl peptides in water with increase of peptide chain, 


3. It was considered absolutely necessary to carry out ethér extraction (in a Soxhlet apparatus or in centri- 
fuge tubes) of phthaloylalanine or phthaloylglycine, which are formed as the main by-products in peptide syn- 
thesis. Both are readily soluble in ether, while phthaloyl peptides are almost insoluble in ether. This purifica- 
tion of the phthaloyl peptides is very important, as in the transition from dipeptides to tri-or tetrapeptides it is 
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necessary to have fairly pure startis.,, materials before each consecutive reaction, because in the subsequent stages 
the removal of by-product impurities becomes increasingly difficult, 


4. A modification of the final stage of the synthesis, namely the transition from the peptide hydrochloride 
to the free peptide, proved necessary because of the lack of the requisite ion exchange resin. Hydrochloric acid 
was therefore removed by treatment with a suspension of AggCOs (followed by boiling after the addition of the 
last portion); excess Ag was removed by hydrogen sulfide, the filtrate was evaporated to a small volume under 
vacuum, and absolute alcohol was added to the hot aqueous peptide solution until a strong turbidity appeared. 
After storage for twenty-four hours in a refrigerator a copious crystalline precipitate of the peptide was formed; 
the crystals were filterec off, washed with alcohol, and dried in air. An analytically pure product was always 


obtained in this way. but losses were inevitable because of adsorption of the product on the bulky AgC1 and 
AgeS precipitates. 


A. Descripition of peptide syntheses 


1, Preparation of phthaloyl-D,L-alanine,. 8.02 g (0.09 M) of powdered D,L-alanine was mixed with 14.3 
g (0.095 M) of powdered phthalic anhydride, or 5% excess over the theoretical amount. The mixture was heated 
to melting in a round bottomed flask on an electric hot plate, as a gas burner caused local overheating, accom- 
panied by browning of the melt; the temperature was then gradually raised from 130 to 160°; the thermometer was 
immersed in the melt. When 160° had been reached, the heating was continued for about 30 minutes at 160-170°. 
In order to determine the end of the reaction, the flask was connected through a long glass tube to a water jet 
pump vacuum. If no condesate formed in the tube, the reaction was complete, The weight of the reaction prod- 
ucts was always a little below theoretical, because of possible distillation of phthalic anhydride. The cooled 
slightly yellowish melt was repeatedly (exhaustively) extracted by boiling water and recrystallized with animal 
charcoal from boiling water; the cyrstals were collected, the mother liquor was evaporated under vacuum tol/10 


its original volume, and a second crop of crystals was collected. The yield of substance dry at 140° was 18.41 g, 
or 93.3%; needles, m. p. 616-162°. 


2, Preparation of phthaloyl-D,L-alanyl chloride. To a suspension of 15.34 g (0.07 M) of phthaloyl-D,L- 
alanine dried at 140°, in 100 ml benzene dried over sodium, 14.58 g (0.07 M) of PC]; was added, the reaction 
was allowed to proceed for about 30 minutes at room temperature, and the mixture was then heated to 50-60° 
on the water bath for about 1 hour. The reaction was assumed to be completed 30 minutes after the mixture 
had become completely clear. Benzene and phosphorus oxychloride were driven off under vacuum at a bath tem- 


perature of 50-60°; the dry resiude was recrystallized by extraction (see above) with ligroine; yield 16.55 g or 
99.5%; m.p. 73°. 


3. Preparation of phthaloyl-D,L-alanylglycine. To a suspension of 5.40 g (71.93 millimoles) of glycine and 
4.22 g (105 millimoles) of MgO in 60 ml of water and 5 ml of dioxane in a vessel contained in melting ice, a 
solution of 16.55 g (69.65 millimoles) in 20 m1 of dry dioxane, free from peroxides, was added dropwise with 
vigorous mechanical stirring. The time of additon was about 90 minutes. The freezing bath was removed and the 
stirring was continued for a further 45 minutes, At the end of the stirring the solution reached room temperature, 
30°. Excess MgO was filtered off, the filtrate was evaporated under vacuum at a bath temperature of 40-50° to 
a syrup which was then dissolved in warm water. and hydrochloric acid was added to the solution to a weak acid 
reaction to Congo red. The acid solution was placed in a refrigerator for 24 hours at 3-5°, but only single crystals 
were deposited, and therefore the whole was cooled more strongly to - 7° (ice + salt). After 4 hours a thick cry- 
stalline slurry was formed; the crystals were separated off by suction, washed with water, and dried under vacuum 
over P,Os. The crude yield was 9.5 g, of about 50%, Evaporation of the filtrate and the wash waters under vacuum 
to 1/3 of the original volume followed by cooling to —5* for 20 hours yielded only about 0.01 g of crystals. 


The air-dry crude material was extracted with ether, and the portion insoluble in ether was recrystallized 
from water; plates, m.p, 172-173", yield 7.03 g or 36.5%. 


3a. Ditto (another variant). A solution of 39,98 g (168.3 millimoles)of phthaloyl-D,L-alany] chloride in 
100 ml of dioxane was added dropwise with vigorous mechanical stirring to a suspension of 13.0 g (173.3 millimoles) 
of glycine and 10.3 g (257 millimoles) of MgO in 220 ml water and 20 ml dioxane cooled to 0-5* (in melting ice), 
The stirring and addition took 1.5 hours, and then the stirring was continued without cooling for a further 0.5 hours, 
Excess MgO was filtered off and strong HCl was added to the clear filtrate with continuous stirring to a weakly acid 
reaction to Congo red and until a slight turbidity appeared. After 36 hours in a refrigerator at 3-5°, isolated crystal 
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clusters formed in an oily layer at the bottom of the beaker. Additional acidification with HCl to a distinct acid 
reaction to Congo red,with simultaneous cooling to — 5° and prolonged stirring, led to the formation of a crystal- 
line slurry. After 4 hours the crystals were separated off by suction, After additional cooling for many hours, the 
filtrate yielded an additional small crop. of crystals, about 1/20 of the original amount. The two portions were 
combined, washed with a small amount of ice-cold water and dried under vacuum over P,Os; crude yield 42 g 
(78.499, The crude product was dried over sulfuric acid in a desiccator and extracted with ether in a Soxhlet 
apparatus; the residue, weighing 35.1 g, was thrice recrystallized from water; yield 22 g or 42,3%., m.p. 172°. 
The product was rather less pure than in the preceding instance. 


Nitrogen determination by the Dumas— Pregl method (sample 6.494 mg, 23.5°,726 mmHg, N, — 0.624 
ml); 


Found 10.56%N 
Calculated for 10.14%N 


4. Preparation of Djl-alanylglycine. To a solution of 2.49 g (9 millimoles) of phthaloyl-D,L-alanylgly- 
cine in 30 ml of 98-99% alcohol, 9 m! 1 M alcoholic solution NgH, * H,O (9 mM) was added; mixture 
was boiled under reflux on the water bath for 1 hour, after which the alcohol was completely driven off under 
vacuum. The dry residue was heated with 20 ml of 2N HCl to 45° (50° toward the end of the heating) on the 
water bath for 15 minutes with vigorous shaking. A sign of completion of the reaction was the complete detach- 
ment of the precipitate from the walls and its disintegration into small grains. The phthalohydrazide precipitate 
was filtered off, washed and dried; yield 1.16 g or 72%. The filtrate, containing HCl, was treated with a suspension 
of Ag,CO, to remove chlorine, excess silver was removed by hydrogen sulfide; the liquid was evaporated to 3-5 ml 
under vacuum and precipitated with 10 times its own volume of absolute alcohol; the precipitate was washed with 
alcohol and dried; yield 1.03 g or 78.6%, m.p. 211°. 


5. Preparation of phthaloylglycine. 15.01 g (0.2 M) of glycine and 30.36 g (0.205 M) of phthalic anhydride 
was placed in a round bottomed 50 ml flask. The theromometer was immersed in the mixture and the latter was 
slowly heated to melting; the temperature of the melt was then raised to 170° and kept at 170-175° for ~ 30 
minutes. The product was cooled and completely removed from the flask by repeated extraction with boiling 
water. The solution, decolorized by animal charcoal, yielded 38.7 g of needlelike crystals on cooling; evapora- 
tion of the mother liquor to 1/20 of the original volume yielded a further 2.5 g, giving a total of 41.2 g. The 
product was dried for 2 hours at 140-150° (with very gradual heating) to remove 1 molecule of water of crystal- 
lization; the anhydrous product weighed 37.9 g, yield 92.3%, needles, m.p. 192°. 


6. Preparation of phthaloylglycyl chloride, To a suspension of 3.08 g (15 millimoles) of phthaloylglycine 
in 30 ml of dry benzene 3.12 g (15 millimoles of PC], was added; after half an hour at room temperature the 
mixture was heated on the water bath at 50° until coiaplete solution took place, The benzene and phosphorus 
oxychloride were completely distilled off under vacuum until the acid chloride crystallized on the walls of the 
flask, The crude product was recrystallized from a large volume of ligroine (by Sheehan and Frank's method); 
yield 2.83 g or 84.5%; m.p. 85°. 


1, Preparation of phthaloylglycyl-D, L-alanylglycine. To a suspension of 1.85 g (12.65 millimoles) of 
D,L-alanylglycine and 0.8 g (20 millimoles) of MgO in 30 ml of water contained in a vessel immersed in melt- 


ing ice, a solution of 2.83 g (12.65 millimoles) of phthaloylglycyl chloride in 10 ml of dioxane was added drop- 
wise during 40 minutes with vigorous mechanical stirring. The cooling bath was removed, and the stirring was 
continued for a further 1.5 hours at room temperature, Excess MgO was filtered off, the filtrate was made neutral 
to litmus with hydrochloric acid and evaporated under vacuum to a thick syrup, The residue was dissolved in 15 
m1 of water and made weakly acid to Congo red with 6N HCl, A further addition of a few drops of concentrated 
HC] followed by stirring and cooling resulted in the formation of a precipitate. This was kept for twenty-four 
hours in the cold, filtered off, and washed with 1-2 ml of ice-cold water. The addition of concentrated HC] to 
the filtrate and wash waters yielded a further small quantity of crystals after twenty-four hours. The two portions 
were combined and dried under vacuum over P,05. The crude yield was 2.69 g or 64%; extremely fine and very 
long bent needles, felted together, m.p. 214°. The crude product was extracted with ether, and the portion in- 
soluble in ether was recrystallized from 50 ml of hot water(90-95°); after cooling, similar felted needles were 
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precipitated in a yield of 1.75 g (after vacuum drying over P, Os): or 41.5%; m.p, 231-232°, 


8. Preparation of glycyl-D L-«lanylglycine. To a solution of 1.35 g (4.05 millimoles) of phthaloylglycy] 
-D,L-alanylglycine in 800 ml of 95% alcohol, 4.1 ml of 1 M alcoholic solution of hydrazine hydrate was added. 
The mixture was boiled under reflux on the water bath and left overnight without heating. On the following 
day the boiling was repeated for 3 hours; phthaloylhydrazide was precipitated. The contents of the flask were 
evaporated to dryness under vacuum, the residue was heated to 45° for 10 minutes with 25 ml of 2N HCl with 
shaking, and the phthaloylhydrazide was filtered off and dried; yield 0.61 g or 98%. 


The filtrate, which contained the tripeptide, was treated with Ag,COs suspension to remove chlorine, and 
with hydrogen sulfide to remove excess silver. The filtrate purified in this way was evaporated under vacuum 
to 5-10 ml, precipitated with 20 times its own volume of absolute alcohol and kept for twenty-four hours in the 
cold; free glycyl-D,L-alanylglycine was then filtered off and dried in air; yield 0.63 g or 76.5%, m.p. 230-231". 


The synthesized product was shown to be identical with glycylalanylglycine by chromatographic analysis, 


9. Preparation of phthaloyl-D,L-alanylglycyl-D,L-alanylglycine. To a suspension of 0.5 g (2.46 millimo- 
les) of glycyl-D,L-alanylglycine and 0.2 g (about 5 millimoles) of MgO in 20 ml of water and 2 ml of dioxane, 
a solution of 0.53 g (2.46 millimoles) of pthaloylalanyl chloride in 8 m1 of dioxane was added during 30 minutes 
with vigorous mechanical stirring.. The temperature of the aqueous solution of the tripeptide was kept at 1-3". 
The stirring was continued at room temperature for a further 1.5 hours. Excess MgO was filtered off and the fil- 
trate evaporated under vacuum until complete removal of the dioxane, Water was added during the distillation 
to ensure complete removalof dioxane, The residue, evaporated down to about 5 m1 under vacuum, was quant- 
itatively transferred into a beaker and acidified with 20% HC1 to an acid reaction to Congo red No crystals for- 
med after twenty-four hours in a refrigerator, and the product was therefore dried under vacuum over P,O;; the 
dry residue was dissolved in 2-3 ml of water and left in a refrigerator for 3 days at 0°. The crystals formed were 
separated off by suction, washed with a few drops of ice-cold water, slightly dried in a desiccator, washed three 
times with ether, and dried in air; m.p, 175-176°. The filtrate and wash water were mixed with approximately 
the same volume of acetone until a slight turbidity was formed. After twenty-four hours in a refrigerator, cry- 
stals were deposited from this acetone solution; m.p. 175-176°. The two portions of crystals were combined and 
again recrystallized from water; yield 0.33 g or 33%; m.p. 175-176”. 


10. Preparation of D,L-alanylglycyl-D,L-alanylglycine. To. a solution of 0.33 g (0.82 millimole) of 
phthaloyl- D,L-alanylglycyl-D,L-alanylglycine in 10 ml of ethyl alcohol, 1,2 ml of 1 M alcoholic solution (50% 
excess of the theoretical amount) was added, The mixture was boiled under reflux on the water bath for 2 hours 
and left overnight without boiling. On the following day the liquid was evaporated to dryness under vacuum, the 
residue was treated with 10 ml of 2N HCI at 45° for 10 minutes, and 0,06 g of phthaloylhydrazide was filtered 
off (37% of theroretical yield). The filtrate was treated with Ag,CO, to remove HC1 ,then with H,S, and evapor- 
ated under vacuum to a volume of 2.5 ml. About 10 ml of absolute alcohol was added to this (until the first 
signs of turbidity appeared) and the solution was left for twenty-four hours at room temperature. The bulky but 
very loose precipitate was filtered off and rejected; it proved to consist of an impurity (negative ninhydrin re- 
action). A further 5-10 ml of absolute alcohol was added to the clear filtrate until weak turbidity appeared 
again, and it was left to crystallize at room temperature for 3 days, and then left for twenty-four hours in a re- 
frigerator to complete the crystallization. The polyhedral crystals formed were very firmly fixed to the bottom 
of the vessel, and therefore the mother liquor was simply decanted off, the crystals were washed several times 
with absolute alcohol and dried in air; yield 0.08 g or 24%; m.p. 235-236". 


Nitrogen determination by the Dumas-— Pregl method (sample 3.451 mg, Nz — 0.606 ml, 29,2°,.712 mm 


Hg): 


Found 18.58%N 
Calculated for ° 1.5H,O 18.60%N 


Chromatography of the tetrapeptide obtained showed it to be identical with alanylglycylalanylglycine: 
one-dimensional chromatograms of the tetrapeptide in phenol — water and butanol-—acetic acid-water (4;1:5) 
gave only one spot approximately between the spots for alanine and valine, taken as standards; a hydrolyzate 
of the tetrapeptide gave two spots of equal area at the level of glycine and alanine; a hydrolyzate of the tetrap- 
eptide, previously deaminated by Martin's method [2] gave two spots, the glycine spot having nearly double the 
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area of the alanine spot. 


__B. Chromatographic comparison of synthesized and, natural peptides 


In order to determine whether the chromatographic spots for the synthesized peptides coincide with the 
spots for the natural peptides from partially hydrolyzed silk, and so to confirm the validity of the structure 
proposed for the latter, three two-dimensional chromatograms of Ftaction I (from the previous study [1]) 
were obtained. 3 mg of Fraction I was applied to each chromatogram. When the solutions were dry, an aqueous 


solution of alanylglycine was applied at the same place in the first chromatogram, glycylalanylglycine in the 
second ,and alanylglycyclalanylglycine in the third. 


The subsequent procedure has been described previously [1]. The results are shown in the figure. 


Bu+ Ac 
Fr. #A-G-(spot 9) 72 cm 


Ph+Cr65cm 


Fr.I+ A- G-A- G 


Bu+ 
(spot 14) 
cw 40 a 


Two-dimensional chromatograms for synthetic peptides and natural peptides from hydro- 
olyzed silk fibroin; 


1) Chromatogram of Fraction I from the previous study [1]. Substance applied to bottom 

right-hand corner of "Krasnaya Lenta" ashless paper 60 x 54cm. First solvent — mixture 
of phenol and o-cresol (1;1) saturated with water, passed 65-70 cm from right to left; sec- 
ond solvent — butanol + acetic acid + water (4 ; 1 ; 5) — from bottom to top, 70-75 cm. 


2-4) Similar chromatograms, but with additions of alanylglycine, glycylalanylglycine 
(G-A-G), and alanylglycylalanylglycine (A-G-A-G) respectively. In all cases paper was 
attached to the bottom edge of the chromatogram to give a total length of 75-80 cm. 


In.Figs. 2 and 3, the added peptides “swamp” the adjacent spots. This was unavoidable; 
small additions of the synthetic peptides did not give a clear increase in the area of the 
spots, while large additions resulted in""swamping™” of the spots. 
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SUMMARY 


Synthesized peptides ~ alanylglycine, glycylalanylglycine, and alanylglycylalanylglycine ~ occupy the 
same positions as the natural peptides in chromatograms obtained from the synthetic peptides together with the 
mixture of natural peptides produced by partial hydrochloric acid hydrolysis of silk fibroin. This provides add- 
itional proof of the structure proposed earlier for the natural peptides. 
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METHOD FOR THE QUANTITATIVE DETERMINATION 
OF CREATINE PHOSPHATE AS CREATININE 


A. M. Alekseeva 


Chair of Biochemistry, The I. P. Pavlov 1st Medical Institute, Leningrad 


Several years have passed since the publication of our new method for the determination of creatine phos- 
phate (CP) as creatinine [1]. During this time we have received repeated inquiries both about the method it- 
self, and about possibilities for its improvement. Additional investigations of these questions have therefore been 
made, The results are presented in this paper. 


In CP determination by our method, is it possible to determine simultaneously other phosphorus compounds 
in the same extract? This is an important question, as in studies of the transformations of phosphorus compounds 
in various organs and tissues, variations not only of the CP, but of other phosphorus compounds, especially in- 
organic phosphate (IP) and adenosine triphosphate (ATP). 


It would be more convenient to be able to determine all the phosphorus compounds in the same extract, 
both from the point of view of the amount of available material, and of the amount of labor involved, 


In our method for determination of CP [1], it is extracted from the tissue, ground up in liquid air, by 0.7% 
(NH 4)zMoQ, in 1 N HgSO,. Extraction of CP, its decomposition into creatine and ‘HgPO,, and precipi- 
tation of proteins, occur simultaneously during this operation, The creattnine formed from the CP is quantitative - 
ly determined in the extract, The experimental results presented below show that quantitative determination of 
IP and ATP in the same extract is impossible. 


White rat muscle was used for the experiments. The muscle was obtained, as usual, from an animal under 
light narcosis (as rapidly as possible) and macerated in liquid air. Two extractions of the powdered muscle were 


then carried out: 1) by 0.7% (NH4)gMoO, in 1 N HC] (the previously recommended H,SO, was replaced by HCl 
for a reason discussed below); 2) by 5% trichloroacetic acid. 


Each extraction was continued for 40 minutes, after which the proteins were filtered off and IP and ATP 
phosphorus was determined in the filtrates. CP was also determined as creatinine in the acid molybdate extract. 
The ATP content was found from the easily hydrolyzable phosphorus after 10-minute boiling in 1 N HCl (after 
preliminary precipitation of the ATP as the barium salt), The IP in the trichloroacetic acid extract was found 
from the difference between the amount of phosphorus found by the method of Fiske and Subbarow [2] in the 
fraction for the sum of the IP + CP phosphorus, and the amount of CP phosphorus calculated from the creatinine. 


It is seen from Table 1 that when muscle is extracted by acid molybdate, in conditions of CP determina - 
tion, both the IP present in muscle and the IP formed from CP passes into ammonium phosphomolybdate, which 
is precipitated together with the protein, and only traces of IP remain in the filtrate. The protein precipitate 
has a yellow color. In determination of CP in brain and liver, ammonium phosphomolybdate is precipitated 
with the protein in the form of molybdenum blue, These organs apparently contain certain substances which 
easily reduce molybdenum under the experimental conditions, Thus the filtrate in which CP is determined as 


creatinine contains practically no IP. ATP phosphorus is also found in much lower amounts during acid molyb- 
date extraction. 
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TABLE 1 
Amounts of ATP and Inorganic Phosphate (IP) Obtained from Muscle of white 
Rats Under Different Extraction Conditions (in mg %) 


Extraction witi trichloro-| Extraction with 0.7 % (NH,4), MoO, 
acetic acid, 40 minutes in 1 N HCl, 40 minutes 


creatinine from 
IP ATP labile IP |ATP labile lereatinine hos - 


phosphorus Phosphorus phate, mg % 


Traces 


TABLE 2 


Amounts of Creatinine Obtained from Muscle Creatine Phosphate Under Different Extraction Conditions 
In mg % on the raw muscle weight 


Extraction with acid molybdate Extraction with 5% trichloroacetic |Extraction with 5% trichloroacetic acid 
for 40 minutes for 15 min., followed by addition | for 40 min., followed by addition of acid 


of acid molybdate with HCl or molybdate. with HCl or H,SO, to the fil- 
HgSO, to the filtrate trate 


0. 797k MOO, | 0. NHg)p MoO, | 0.7% (NHq)p MOO, |0.7%(NH4)pMoO, | 0.7%(NHg)pMoO, | 0.7% MoO, 
in 1 N HC) in 1 N HgSO, in 1 N HCl in 1 N H,SO, in 1 N HCl in1N + 
1 


189 200 200 156 156 
167 180 180 130 129° 
194 221 216 181 180 
216 242 240 185 182 
179 191 190 “135 130 
195 172 193 190 138 137 


It is probable that ATP is partly split after extraction of this type; in addition, it is possible that ATP is 


precipitated in some form. Therefore ATP also cannot be determined together with CP in acid molybdate ex - 
tracts of tissues, 


On the basis of the experimental data in Table 2 we recommend the use of HCl and not H,SQ, for the pre- 
paration of acid molybdate for the quantitative determination of CP as creatinine. 


These experiments were also carried out on white rat muscle obtained in the usual way. The extractions 


were carried out by: 1) 0.7% (NH )gMoO, in 1 N HgSO,; 2) 0.7% (NHg)gMoQ, in 1 N HCl. The extraction was 
continued for 40 minutes, as before. 


Table 2 (Columns 1 and 2) shows that the amount of CP after extraction with hydrochloric acid molybdate 
was always appreciably higher than after extraction with sulfuric acid molybdate, The higher values for CP 
with the use of hydrochloric acid are explained by the better conditions for the extraction of CP from muscle 
HCl apparently enters more rapidly into the fragments of tissue and stops enzymatic splitting of the CP, which 
is therefore split more completely into creatinine and HgPQ,. The fact that HCl is the stronger acid is also of 
some significance, as this affects the completness of the decomposition of CP into creatinine and HgPQ,. It 
must be pointed out, however, that the first reason is the more important, as Table 2 shows. 


Columns 3-6 in Table 2 shows the amounts of creatinine obtained after extraction of muscle by 5% trichloro- 
acetic acid, in two variants; 1) extraction for 10-15 minutes, as required for determination of CP by the method 
of Fiske and Subbarow; 2) extraction for 40 minutes, Then equal volumes of 0.7% (NH,)gMoQ, in 1 N HCI and 
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34,0 38,4 18,0 208 
25,3 42,0 29,4 201 
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0.7% (NH4g)p MoO, in 1 N HgSOQ,. were added to separate portions of the trichloroacetic acid filtrates, The mix- 
tures were then left for 20-40 minutes for conversion of CP into creatinine, which was then determined quanti- 
tatively in the usual way. 


The difference between hydrochloric acid and sulfuric acid molybdate solutions is clearly seen only if these 
solutions are used for extracting the powdered muscle; the creatinine yield is always rather higher with the use 
of hydrochloric acid molybdate solution. If the extraction is carried out by means of trichloroacetic acid, and 
the acid molybdate is added afterwards, this difference disappears and the creatinine values are practically the 
same, although they were always slightly higher in the case of the hydrochloric atid molybdate. This undoubted- 
ly shows that hydrochloric acid molybdate extracts CP better from the muscle, probably because HC] penetrates 
better than H,SO, into the fragments of tissue... 


It is most important to note that the creatinine values obtained by extraction with trichloroacetic acid for 
40 minutes followed by action of acid molybdate are very close to the creatinine values obtained by direct 
extraction of the muscle by hydrochloric acid molybdate (see Columns 1, 3, and 4 in Table 2), This indicates 
that CP may also be determined quantitatively in trichloroacetic acid extract (after 15 minutes of extraction) 
with subsequent treatment of the trichloroacetic acid filtrate by acid molybdate. 


The data in Columns 5 and 6 of Table 2 show that after extraction by trichloroacetic acid for 40 minutes 
followed by treatment of the trichloroacetic acid filtrate with acid molybdate the amount of creatinine formed 


from CP is much less, which is undoubtedly due to decomposition of CP by trichloroacetic acid into creatine and 
H3PO, during prolonged extraction. 


It might be quite possible to recommend, for simultaneous determination of CP, IP, and ATP in the same 
filtrate, the procedure in which trichloroacetic acid is used for 15-minute extraction. It must be pointed out, 
however, that this variant is not very good for quantitative determination of ATP, because complete extraction 
of the latter requires longer than 15 minutes, as can be seen from the data below: 


Labile ATP phosphorus (in mg %) 
15 minutes extraction 40 minutes extraction 


34.0 36.0 
30.0 39.0 
32.0 42.0 
30.3 36.0 


In our investigations we preferred to determine the different phosphorus compounds separately. It is better 
to extract CP direct by hydrochloric acid molybdate than by 5% trichloroacetic acid followed by acid molyb- 
date treatment, first because there is no need to hurry, as in extraction by trichloroacetic acid, owing to the 
danger that the CP will decompose (the extraction in this case only takes 10-15 minutes); second, the values, 
for CP after extraction by hydrochloric acid molybdate are rather higher than after extraction by trichloroacetic, 
acid, and third, hydrochloric acid molybdate precipitates proteins and other colloidal substances more com- 
pletely than trichloroacetic acid does, which is very important in the analysis of such tissues as brain and liver. 


For determination of the labile ATP phosphorus, a trichloroacetic acid extract was prepared separately (ex- 
traction for 40 minutes), and the total IP and CP phosphorus was determined in this same extract as described 
by Fiske and Subbarow. The difference between the sum of IP CP phosphorus, and the. phosphorus calculated 
from creatinine obtained from CP by our method, was then calculated. This difference is the value of IP. 


The determination of CP with extraction by trichloroacetic acid is carried out as follows. A weighed 
sample of 0.3-0.5 g of the powdered muscle (or otker tissue) ground in liquid air is placed in a weighing bottle 
into which 10 ml of 5% trichloroacetic acid is previously measured, The weight of the sample is determined 
by difference. The extraction of the tissue is continued for 10-15 minutes. The precipitate is filtered off. 

1 ml of the filtrate is measured out into a 25 ml flask, and 1 ml of 0.7% (NH,)gMoO, in 1 N HCl is added, The 
mixture is left for 30-40 minutes, 1.2 ml of 10% NaOH and 2 ml of saturated picric acid solution is then added 


to the flask. The mixture is left for 10 minutes, water is added to the mark, and the liquid is mixed and ana- 
lyzed colorimetrically. 
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The pre-formed creatinine is determined in the trichloroacetic acid extract without addition of acid molyb- 
date. 
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NATURE OF THE ACTIVE GROUPS IN DIAMINE OXIDASE (HISTAMINASE) 


E. V. Goryachenkova 


Laboratory of Metabolism of Nitrogen Compounds, Insitute of Biological and 


Medical Chemistry, Academy of Medical Sciences USSR, Moscow 


The breakdown of histamine and other biologically active proteinogenic diamines under the action of the 
enzyme diamine oxidase (DO) is of great physiological significance as one of the fundamental mechanisms for 
protection of the organism against the toxic effects of these amines, This process consists of oxidative deamina- 


tion of the diamines; it leads to the formation of the corresponding aldehydes, ammonia, and hydrogen peroxide, 
according to the equation: 


RCH,NH, + O, + —* RCHO + NHg + H,0, 


Numerous investigations have dealt with the properties and purification of DO (see reviews [1-4] ). How- 


ever, the nature of the active groups in this enzyme and the mechanism of the reactions catalyzed by it are 
still not clear, 


Information on the nature of the active groups in a ferment may be obtained by investigations of substances 
which activate or inhibit the action of the given ferment. Studies of DO on these lines have shown that the 
action of DO is inhibited by a whole series of compounds, which may be subdivided into the following groups: 
1) substituted diamines and their derivatives (amidines, guanidines, etc,), which are structural analogs of DO 
substrates and therefore cause competitive inhibition of its action; 2) réagents which bind the carbony! group 
(cyanide, hydroxylamine, hydrazine and its derivatives); 3) riboflavine antagonists [acrichine (atebrine) and its 
derivatives); 4) a number of other substances, including methylene blue, pyocyanine, and certain other dyes. 


The activity of DO is not affected by surface-active narcotics, enzyme poisons which form complexes with heavy 
metals, and compounds which bind thiol groups. 


Prolonged dialysis of unpurified DO solutions against water inactivates the enzyme, and a substance which 
gives the lumoflavine reaction enters the external liquid [5]. According to Zeller [1, 2] it is possible to ob- 
tain from rat liver or pig kidney a non-dialyzable, thermolabile activator of a flavoprotein nature, addition.of 
which raises the activity of dialyzed DO preparations, 


According to Kapeller-Adler (6, 7] the activity of DO to histamine decreases after prolonged dialysis, and 
is partly restored by addition of a boiled extract of DO or of flavin-adenine dinucleotide (FAD) obtained from 
yeast. However, FAD does not activate, but inhibits, the oxidation of other diamines by the same DO prepara- 
tions. It should be noted that the results obtained by Kapeller-Adler have not been confirmed by anyone else, 
and that the method used for determination of DO activity is not reliable [8]. 


In electrophoresis experiments on DO solutions, Swedin [9] foundin separate protein fractions of the enzyme, 
a correlation between the DO activity and the flavin content. This was not confirmed by other investigators. 
The absence of a yellow color or of an increased FAD content in highly purified DO preparations (10, 11] con- 
tradicts the view that FAD is a prosthetic group in DO. 


The high sensitivity of DO to regents for enzyme carbony! groups suggested that a functional aldehyde or 
ketone group is present in the DO molecule [12}. 
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An increase of the DO activity of dialyzed solutions from bean shoots on addition of large doses of pyridoxal 
led to the suggestion that vitamin Bg participates in the action of DO [13]. 


Sinclair [14] in his summary of a paper presented in 1952, reported a number of observations in support of 
the pyridoxal ~ protein nature of DO, There has not been a fuller report of these experiments. However, in a 
review on the role of vitamin Bg in metabolic processes published in 1953, Sinclair [15] stated that there is 
weighty evidence against the participation of vitamin Bg in the action of histaminase. Other workers [16] have 
the same opinion. 


Strangely enough,, no reports have been published of investigations of changes of DO activity in tissues of 
animals (or microorganisms) in conditions of riboflavin or pyridoxin deficiency. 


Thus, despite the existence of isolated data indicative of the possible role of the flavin and (or) pyridoxal 
components in the action of DO, the question of the nature of the enzyme groups in this enzyme cannot be re- 
garded as solved. We have therefore carried out investigations in order to determine the role of flavin and 
pyridoxal coenzymes in the oxidative deamination of histamine and other diamines. 


The following problems were studied: 1) influence of vitamin Bg and B, deficiency on deamination of 
histamine in extracts of rat organs, and also the effect of derivatives of vitamins B, and Bg added in vitro on the 
activity of DO is tissue extracts from avitaminotic animals; 2) the possibility of obtaining DO apoenzymes of 
animal or plant origin, and of activation of such apoenzymes by means of vitamin B, and Bg derivatives, 


METHOD 


1. Preparation of the Avitaminotic Animals 


Bg Or By, avitaminosis was induced in young male rats by administration of a synthetic diet with a high pro- 
tein content (40% casein) without vitamin Bgor By respectively (see [17]). To induce combined BgBg avitami- 
nosis, the rats received a diet of the same composition but deprived. of vitamins B, and Bg simultaneously. The 
deficient vitamins were added to the diet of the control animals. .Animals with clearly defined signs of Bg and 
By, avitaminosis (during the 8th-10th week on the experimental diet) were taken for the experiments, 


2. Preparation of Enzyme Extracts and Determination of DO ‘Activity 


According to the literature, the highest DO activity im the rat is concentrated in the tissues of the lungs 
and the mucous membranes of the small intestines, For this reason, actjve extracts of DO were prepared as fol- 
lows: lungs and scrapings of the mucous membrane of the small intestines of rats were weighed, cooled in ice, 
ground with sand in a porcelain mortar, and centrifuged after addition of 6-10 times the amount of 0.9% NaCl. 
The quantity of enzyme extract added to the experimental samples was calculated so that up to 50%-of the sub- 
strate taken for the experiment would be split during 6 hours of incubation in an O, atmosphere at 37°. To each 


3.5 ml sample, containing the enzyme and phosphate buffer (M/15, pH 7.2) 50 yg of histamine (di) hydrochloride 
(0.3 ,M) was added. 


Our modification of Tabor's method [11, 18] proved to be the most suitable for determination of DO activity 
in animal tissues. ‘This method is based on photometric measurement of the decrease of the histamine content, 
determined in protein-free filtrates by means of the diazo reaction with p-nitroaniline, 


Determination of Histamine 


Reagents. 1) Diazotized solution; prepared each time from stock 0.1% solution of p-nitroaniline in 0.1 
N HC]; 10 ml of this solution was cooled in a beaker with ice, and 1 ml of 4% NaNO, was added; 2) 4% aqueous 


NaNO; 3) 20% aqueous NagCO3;°4) 5 N NaOH; 5) chemically pure pinacolin (redistilled); 6) veronal buffer, 
M/20, pH 7.7. 


Determination. To 5 ml of the trichloroacetic acid filtrate (4-5% CCl;COOH; higher concentrations of 
CC1,COOH affect the development of the color) containing 5-20 ,,g of histamine in a test tube, 1 ml of NaNO, 
solution was added, the tube was shaken, placed in a boiling water bath for 2 minutes, and then cooled in ice 
water. 1 ml of the cooled diazo reagent was added to the tube and the tube was shaken vigorously, The con- 
tents of the tube were gradually made alkaline to }pH 10,1-10.5 by addition first of 1.25 ml of NagCOy solution 
and then, after mixing, 0.5 ml of the same solution. The sample was cooled in ice for 1 minute, and 0.3 ml 
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of NaOH solution was added; the solution then turned red. Instead of methyl] isobutyl ketone [18], which is not 
easily available, pinacolin was used for the extraction, 2.5 ml being added to the test sample. After vigorous 
shaking the test tubes were left in ice water to allow the emulsion to separate. The colored pinacolin layer 
was separated off quantitatively and washed by shaking in a separating funnel with 6 ml of veronal buffer. Af- 
ter 20-30 minutes the color of the pinacolin was measured in a cell 0.5 cm thick in a Pulfrich photometer with 
an S-51 light filter. The histamine content was found from a calibration graph based on standard histamine 
solutions, 


Preparation of purified DO from pig kidneys, The cortical layer of freshly frozen kidneys was twice shred- 
ded in a "Waring Blender” homogenizer with 5 times the volume of acetone cooled to —10°, The enzyme was 


purified by Tabor's method [11] as far as the stage of adsorption on alumina. DO was extracted from the ace- 
tone preparation by 20 times the volume of M/5 phosphate buffer (pH 7.2) with shaking for 20 minutes at room 
temperature. Anhydrous NagSO, (14.5 g per 100 ml) was added to the extract; the precipitate formed was centri- 
fuged off and discarded. NagSO, was again added to the liquid (7 g per 100 ml), the precipitate. was centri- 
fuged off, dissolved in 0.1 M phosphate buffer (pH 6.8) and rapidlydialyzed against running water [19] for 1 

hour. The dialyzed solution was warmed at 60° for 20 minutes; the precipitate was separated off and rejected. 
The DO solution retains its activity for several days in the frozen state. The DO activity of such preparations 
(per unit weight of protein) is 10-12 times as high as the activity of the original tissue. 


Preparation of DO from_red clover seedlings. Preparations of plant DO (with activity 6 times as high as in 
the original material) were obtained by Werle's method [13]. Six day old clover seedlings (and in some experi - 
ments seedlings of other leguminous plants) were homogenized with 2 volumes of phosphate buffer (M/15, pH 7.2), 
10 volumes of cold acetone was added to the extract. The precipitate was separated off, washed with acetone, 
dried, and extracted with 45 volumes of water at 37° for 30 minutes, An equal volume of acetone was added 
to the aqueous extract after it had been cooled,. The precipitate was collected, dissolved in phosphate buffer 
(M/15, pH 7.2) and the solution was warmed for 20 minutes at 60°; the precipitate was separated off and re- 
jected, 


Determination of the DO activity . The activity of the DO in animal tissues in all the experiments is ex- 
pressed in micrograms of histamine per 1 g of the original tissue, split by the enzyme during the incubation 
period, In the experiments with purified DO from pig kidneys the histamine loss in micrograms from the whole 
experimental sample is given. 


The activity of DO in plants was measured by their oxygen consumption in the Warburg apparatus, and by 
the formation of ammonia during the incubation period (2 hours) in experimental samples containing, in 2 ml, 
1 ml of the enzyme solution and M/30_ hexamethylenediamine in phosphate buffer M/15, pH 7.2). Ammonia 
was determined by Archibald's method [20]. Hexamethylenediamine (dihydrochloride) which was used as sub- 
strate in the experiments with plant DO, was more easily available than putrescine or cadaverine, although the 
latter are oxidized rather more rapidly. In the experiments with plant DO the activity of the enzyme is ex- 
pressed in micromoles of the consumed oxygen or in yM NHg formed from the hexamethylenediamine, 


The chemical preparations used. Flavin-adenine dinucleotide (FAD) was isolated from baker's yeast by 
the method of Warburg and Christian [21]; 6 kg of yeast yielded 16 mg of the recrystallized Ba salt of the dinucle- 
otide in the form of characteristic red-brown spheroidal crystals. Pyridoxal phosphate (the Mg salt), pyridox - 
amine phosphate (the dihydrochloride), and pyridoxal were all synthesized by A. E. Braunshtein and R. M, Azarkh 
by the methods of Karrer and Viscontini; hexamethylenediamine dihydrochloride was kindly supplied by Prof. 
V. V. Korshak. 


EXPERIMENTAL 


I. Activity of DO in the Organs of Be- and Bz-Avitaminotic Rats 


As was pointed out in the introduction, the high sensitivity of DO to reagents which bind the carbonyl group 
suggested that vitamin Bg in the form of pyridoxal phosphate (PP) participates in the action of this enzyme [12 ~ 
14]; this suppgsition has not so far received convincing experimental proof. It was therefore desirable to study 
the effect of Bg-avitaminosis on the activity of DO in rat tissues. 


Table 1 shows the results of experiments which show the DO activity in tissues richest in this enzyme (lungs, 


mucous membrane of the intestine) in control rats. As Table 1 shows, the histamine conversion in the tissues 
of this group of animals shows considerable individual variations, with an average value of 319 wg for lung tissue 
and 614 yg for mucous membrane of the intestine. 


4 
Ay 
- 
7 
~ 
\ 
Ag 
ale 
A 
i 
ada 
tal 
251 4 


TABLE 1 
Activity of DO in Lung and Mucous Membrane Tissues of Control Rats 


In wg histamine destroyed in lg of tissue in the experimental con- 
ditions 


Composition of samples; tissue extract—0,.25 m1,histamine (hydro- 
chloride)—50 yg, phosphate buffer (M/15, pH 7.2-7.4). Total 
volume 3.5 ml. 


Incubation in O, atmosphere at 37° for 6 hours 


Mucous Mucous Mucous 
Lung membrane membrane | membrane 


630 
672 
708 
720 
816 


Average: 


TABLE 2 


Activity of DO in Extracts from Tissues of Bg-Avitaminotic Rats 
(Loss of histamine, in pg per 1 g of tissue) 


Experimental conditions as in Table 1. Amounts of coenzymes added: 
PP-20 yg, FAD~1 pg per sample. 


Lung Mucous membrane Mucous membrane 


No r No | No | +PP | No | 
+ PP addi-|+PP addi-) +PP 
additions | | tions FAD | tions 


The results in Table 2 show that the rate of histamine breakdown was lower in the tissues of B,-avitaminotic 
rats, In the lungs of Bg-avitaminotic rats, histamine deamination had an average value of 180 yg, and in the 
mucous membrane of the intestine, 306 ug. Thus the residual DO activity was, on the average, 56% in the lungs 
and 50% in the mucous membrane (compare Table 1), In the experiments shown in Table 2 we studied the pos- 
sibility of restoration of the DO activity in extracts from tissues of Bg-avitaminotic rats by additions of synthetic 
PP (20 yg per-sample) to the extracts. Preliminary incubation is often necessary for regeneration of enzymes 
from apo- and coenzymes, Therefore the control samples of the enzyme extracts and the activated samples 
with added PP were first kept at 37° for 10-15 minutes before addition of the substrate. 


Addition of PP to extracts of tissues from Bg-avitaminotic rats led to an increase of DO activity in many 
experiments; however, in some instances (more often with extracts of mucous membrane) no activation took 


place. In the experiments in which 1-2 yg of FAD was added to the enzyme together with the P®& the increase 
of DO activity was greater, 


168 306 276 372 819 4 
224 396 288 372 824 fe 
252 468 316 432 876 * 

259 504 324 576 944 a 
276 532 336 = 
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FAD 

48 108 | 226} 24] 16] 96] 204] 252] 234] 265| 352] 448 a 

52 52 | 412] 128] 376) 216) 360] 522 

138 432} — | 442| 442] 442] 246] 480] — 
156 228 |} — |. 1144] 156] — 248] 271) 480] 546] — 
174 174 |} — | 208] 320] 371] 240] 295| 3314] 564] 456] — a 

204 276 | — | 246] 225] 216] 288] —J| 768| 608| — 

Average: 180 | ~ | _ | 306 | _ | _ a 
i 
252 


TABLE 3 The question of the participation of the flavin 

Activity of Do in Extracts from Tissves of B,-Avita- coenzyme in the action of DO is also still unsettled, 

minotic Rats and we therefore carried out an analogous investigation 
( Loss of histamine, in wg per 1 g of tissue) of DO activity in extracts of lung and mucous mem- 
Experimenta! conditions as in Table 1 branes of rats with vitamin B, deficiency. 


The experimental] results, presented in Table 3, 
show that histamine deamination in B,-avitaminotic 
rats had an average value ot 166 wg/g for lung ex- 
a neat tracts, or 52% of the average DO activity for the con- 
Noadditions FAD rap] + ar + FAD trol rats, and for extracts from intestinal mucous mem- 
brane the value was 270 g/g, or 44% of the average 
96 908 218 256 control value (compare Table 1). 


172 408 234 443 
174 168 252 378 A comparison of Tables 3 and 2 leads to the con 


192 192 360 333 clusion that riboflavin deficiency disturbs the DO acti- 
198 252 | 297 360 vity in rat tissues no less than does pyridoxine deficiency. 
In vitro additions of 1-2 4g of FAD to samples of ex- 
Average 166 272 tracts from the tissues of B,-deficient rats produced a 
considerable increase of DO activity in most of the 
experiments (Table 3). 


Lung Mucous membrane 


TABLE 4 
Activity of DO in Extracts from Tissues of B,Bg -Avitaminotic Rats 
(Loss of histamine in yg per 1 g of tissue) 


Experimental conditions as in Table 1, and see text. 


Lun Mucous membrane 


d Pp 
No additions | 4pp rap |* No +PP 


and 
FAD 


| 


Average 251 | 


* PAP is pyridoxamine phosphate. 


The results show that deficiency of pyridoxine or of riboflavin in the organism produces considerable distur - 
bance of the DO activity. Therefore, in the next series of experiments the activity of this enzyme in rat tis- 


sues was studied when both vitamins were deficient simultaneously, in conditions of dual B,Bg-avitaminosis, The 
results are shown in Table 4, 


A simultaneous deficiency of vitamins Bg and By in the rat organism produces a considerable decrease of 
DO activity both in the lung and in the intestinal mucous membrane. In comparison with the controls, the resi- 
dual DO activity in the lung had an average value of 55%, and in the mucous membrane, 44%, 


In most experiments separate additions of PP and FAD to extracts of tissues obtained from rats deficient 
in vitamins By and Bg produced some increase of activity both in lung extracts and in mucous membrane ex- 
tracts. In some instances FAD and in others PP was the more active. 


When 20 yg PP and 2 wg FAD were added simultaneously, the enzyme activity increased in all cases, and 
the increase was much greater. In a number of cases the DO activity of extracts from B,Bg-avitaminotic rats 
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after joint addition of PP and FAD approached the maximum DO activity in tissues from the control group of 
rats, The average activity of DO, "reactivated" with the aid of PP + FAD, was 403 g/g in the lungs and 410 pg/ 
g in the mucous membranes (Table 4)*. 


When PP was replaced by pyridoxamine phosphate (PAP, 20 yg) the observed increase of activity was no 
greater than in experiments with FAD only (Table 4). This indicates that in this enzyme system PP is a specific 
coenzyme which cannot be replaced by PAP. 


Il. Investigation of the Reversibility of DO Inactivation in Vitro 
a) With preparation of DO from pig kidneys 


The following procedures are generally used for preparation of apoenzymes of the pyridoxal enzymes: pro- 
longed storage of the enzyme solution at 0° ("aging"), prolonged dialysis against water, dialysis against weakly 
acidic buffer solution, ultraviolet irradiation. In these conditions the prosthetic groups of the flavin enzymes are 
also split off or destroyed, We therefore investigated the use of these procedures for preparation of the DO apo- 
enzyme. When purified DO preparations from pig kidneys were kept in the frozen state, the activity was retain- 
ed for 5-7 days and then fell rapidly. It did not prove possible to restore the activity of such enzyme solutions by 
incubation with PP and FAD or with each of the coenzymes separately. 


The previous addition of PP and FAD, and also of bovine serum albumin, to the purified DO preparations in 
order to stabilize the enzyme did not prevent the observed irreversible inactivation of DO during storage in the 
frozen state, It was noticed that decrease of DO activity took place rapidly in some cases on repeated freezing 
and thawing of purified enzyme solutions. ln one experiment the activity of such a solution could be restored 
by the simultaneous addition of PP and FAD (see Table 5, Experiment 4). 


The data in Table 5 show. that a considerable decrease of the enzyme activity took place on dialysis against 
M/100 acetate buffer with pH 5,1 at 5°, This decrease was 50-60% in 24 hours, while the inactivation of DO 
was extremely rapid during accelerated dialysis in the same conditions, but with constant stirring of both liquids. 
Addition of PP + FAD to such solutions did not increase the activity. 


The enzyme was completely inactivated in 1 hour when purified solutions of DO were subjected to ultra - 
violet irradiation (see Table 5); irradiation for 15 minutes decreased the activity by 85%, 


TABLE 5 

Effect of PP and FAD on the Acitivity of DO Preparations from Pig Kidneys, Subjected to Inactivation; 
Composition of samples: purified DO solution—0.15 m1 (22 wg N), histamine —50 yg, 
PP—20 FAD~1-2 yg, phosphate buffer M/15, pH 7.2-7.4. 
Total volume of sample, 3.5 ml. Incubation fdr 1.5 hours in O, at 37° 


Experiment Treatment of enzyme solution Treated enzyme 
No. lapses treat- | % inacti- 
ment vation FAD 

Repeated freezing and cooling 

Ditto 

‘Dialysis against acetate buf- 

fer, 24 hours 

Accelerated dialysis against 

acetate buffer, 1.5 hours - 


Ditto, 2 hours 


UV irradiation, 15 minutes 
Ditto, 1 hour ; 


* It was found in later studied of the effect of PP and FAD in various concentrations on restoration of DOacti- 
vity in extracts from tissues of avitaminotic rats that the maximum restoration of activity in the lung is reached 
with 5-7 4g PP and 2 wg FAD in the sample, and in the mucous: membrane with 1 yg PP and 1 pg FAD. At 
higher concentrations, PP occasionally causes partial inhibition of the DO action; this possibly explains the weak 
activating effect of PP (20 yg) found in a number of the experiments described in this paper. 
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Experifnents 


Results of "compensation dialysis" of DO solutions against: 1) Acetate buffer; 2) ditto + 
+ PP; 3) ditto + FAD; 4) ditto + PP and FAD. 


(Activity of DO after dialysis as % of the original activity). 


If the DO preparations were not purified, or if 1% albumin was added after purification of the enzyme as 
stabilizer, then the activity did not decrease after irradiation for 15 minutes, 30 minutes, and one hour. In no 
case could an increase of activity be found after additions, before and after irradiation, of PP, FAD, PP + FAD, 
or boiled extract of rat liver, to the enzyme solutions. 


The results of all these experiments show the high lability of the DO apoenzyme from pig kidneys under 
various conditions which lead to removal or destruction of the prosthetic groups of DO, such as increased hydro- 
gen ion concentration or ultraviolet irradiation. Experiments were therefore carried out in which an attempt 
was made to prevent inactivation of DO during dialysis against acetate buffer, with the concentration of the 
presumptive coenzymes (PP and FAD) maintained during the dialysis. 


These experiments were carried out in conditions of “compensation dialysis"; solutions of the purified 
enzyme were dialyzed for 2-2.5 hours (with stirring) against M/100 atetate buffer (pH 5.0), containing per 1 
ml: a) 3 yg PP + 0.5 wg FAD, b) 3 wg PP, and c) 0.5 pg FAD. The DO‘activity in these experiments was com- 
pared with the activity of the enzyme before dialysis, and also with the activity of the same enzyme dialyzed 
against acetate buffer without added coenzymes, 


The results of some of the experiments in this series are shown graphically in the figure. In most of the 


experiments the simultaneous presence of PP and FAD in the external solution had a distinct protective effect, 
shown by a decreased degree of inactivation of the DO, 


In some experiments PP and FAD did not have a protective effect. The results of the experiments show that 
the presence of PP only or of FAD only in the external liquid does not decrease the degree of inactivation of the 
enzyme in conditions of compensation dialysis. The addition of the other cofactér during the subsequent in- 


cubaton of the substrate with dialyzed DO preparations did not raise the activity of the enzyme in any of the 
experiments, 


b) With preparations of DO from plant seedlings 


To obtain DO preparations which have, according to Werle [13], much higher activity and greater stability 
than DO-from animal tissues, extracts from day-old seedlings of peas, soya, and red clover, and partially puri- 


fied preparations of DO from clover seedlings, were used in the subsequent experiments, The substrate used 
was hexamethylendiamine. 


The DO in the extracts obtained from plant seedlings is stable and, does not lose its activity during two 
weeks of storage of the extracts-under a layer of toluene at 5°, It is seen from the data in Table 6 that irradia - 
tion of pea seedling extracts by ultraviolet rays for 40 minutes and 1 hour decreases the DO activity by 45 and 
55%, The activity of DO in extracts from pea seedlings decreased by 52% after dialysis against acetate buffer 
(pH 5.1) for 20 hours. As in the experiments with DO of animal origin, it did not prove possible to restore the 


activity of DO from plant seedlings inactivated ky the above method, by additions of PP, FAD, PP + FAD, or 
boiled extracts from fresh clover seedlings. 
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TABLE 6 
Effect of PP and FAD on the Activity of DO Preparations from Seedlings of Leguminous 
Plants, Subjected to Inactivation 

O, consumption or NHg formation in 4M per sample 


Composition of samples: enzyme extract~1 ml, hexamethylenediamine hydrochloride - 3.5 
mg, PP- 20ug, FAD~1-2 yg, phosphate buffer (M/15, pH 7.2-7.4). Total volume 
2 ml, Incubation in O, atmosphere at 37° for 2 hours. 


After treat- | After addition 
Ex- | Enzyme preparation and | Initial ment 


pert- | method of treatment activity %in-|+ PP + boiled 


ment 
acti- and PP 
: acti + +FAD| extract 
No. vity |va- | FAD 


70 | Pea extract dialyzed for 


6 days against water ANHs 9,9] 1,0 
Red clover extract dialyz 

ed for 6 days against ANH, 13.3 

Bitte, 9 days ANH, 13,3 

Pea extract dialyzed for 


6 days against water —AO, 4,0 
Clover extract dialyzed 


for 7daysagainst water |—AO, 9,7 
Ditto, 6 days —AO, 10,9 
Pea extract dialyzed for 

3 days against water —ANHs320,7 


Pea extract dialyzed for 


20 hours against buffer 
at pH 5.1 ANH; 20,7 


Pea extract irradiated by 


UV rays for 40 minutes | ANH, 14,4 
Ditto, 50 minutes ANHs 13,3 
Red clover extract dialyz 


ed for 7 days —AO, 18,7 


In some experiments with extracts of pea and red clover seedlings, dialyzed for 5-6 days against running 
water at 5°, restoration of activity was observed after addition to the extracts of a boiled extract of the same 
shoots, or of PP + FAD (Table 6; Experiments 70, 74, 75, 80,110). 


The protective effect of PP + FAD in conditions of compensation dialysis against acetate buffer was also 
observed in the case of DO obtained from red clover seedlings. As in the experiments with DO from pig kidneys, 
the results of these experiments ‘were not always reproducible. The results of these experiments lead to the 
conclusion that despite the higher stability of the enzyme system as a whole, the DO apoenzyme of plant origin 
is as unstable as the DO apoenzyme of animal tissues when the prosthetic components are split off. 


DISCUSSION OF RESULTS 


As has been said, despite individual statements by various wokers concerning the participation of vitamins 
By and Bg in oxidative deamination of histamine and other diamines, the question of the nature of the prosthetic 
components of DO has not been finally solved. The contradictions between the earlier results are evidently to 
be explained by the unreliability of the methods used in some investigations for measurement of the activity 
of DO , by the labile nature of the DO apoenzyme in in vitro experiments, and mainly by the fact that the dual 
character of the active groups in DO was not considered in the investigations, In particular, these are undoubted - 
ly the reasons why Sinclair [15] rejected his original hypothesis that vitamin Bg participates in the action of DO. 
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The results of the experiments described in the present paper showed that coenzymes containing both vitamin 
By (FAD) and vitamin Bg (PP) are equally necessary for the action of DO. This was demonstrated particularly 
clearly in experiments on rats with double B,Bg-avitaminosis, Maximum restoration of the DO activity in ex- 


tracts from the lungs and intestinal mucous membranes of B,Bg-avitaminotic rats could only be obtained after 
simultaneous addition of PP and FAD to these extracts. 


Ana logous results were obtained in experiments with “compensation dialysis", and also in some experiments 
on the reactivation of solution of DO apoenzyme. Inactivation of DO solutions during accelerated dialysis 
against acetate buffer could be prevented only by PP and FAD jointly. 


In view of the highly labile nature of the DO apoenzyme in a weakly acid medium and under ultraviolet 
irradiation, it proved impossible to bring about reversible splitting of DO by the methods commonly used for 
other pyridoxal (and flavin) enzymes. Apparently this is also the reason why it is not always possible to bring 
about restoration of activity with the aid of coenzymes in experiments on the dialysis of DO preparations against 


H,O and on activation by repeated freezing. The high lability of DO has been reported by investigators who 
purified and separated DO by electrophoresis [5]. 


The results of our experiments on the oxidation of hexamethylenediamine by plant DO do not confirm the 


views of Kapeller-Adler [6] concerning the opposite effects of FAD on the activity of DO towards histamine and 
other diamines, 


The question whether DO is a compound of a single protein with two prosthetic groups, or an enzyme system 
consisting of two proteins, requires further investigation. 


SUMMARY 


The activity of diamine oxidase (DO) in lung and intestinal mucous membrane tissues of the rat is diminished 
considerably — (on the average by 35-40%) in deficiency of vitamin Bg (pyridoxine). In vitamin B, (riboflavin) 
deficiency the activity of DO in the same rat tissues is decreased on the average by 50-55% Addition of pyri- 
doxal phosphate (PP) to extracts of tissues from rats with vitamin Bg deficiency, and of flavin-adenine dinucleo- 


tide (FAD) to extracts of tissues from animals with vitamin B, deficiency, leads to partial restoration of the DO 
activity. 


With simultaneous deficiency of vitamins B, and Bg, the DO activity in extracts from liver and intestinal 
mucous membrane tissues of rats is decreased, on the average, by 50%. In these conditions the DO activity 
in the extracts increases somewhat on separate additions of PP and FAD, Simultaneous addition of PP and FAD 
to extracts from tissues of B,Bg-avitaminotic rats considerably increased the DO activity in all cases, 


In a weakly acid medium, and after ultraviolet irradiation, solutions of DO of animal and plant origin are 
irreversible inactivated, probably owing to the high lability of DO apoenzyme in these conditions. The activity 
of partially inactivated DO solutions obtained by prolonged dialysis of extracts of leguminous plants is some - 
times restored by simultaneous addition of PP and FAD. A mixture of PP and FAD, added to the external solu- 
tions in “compensation dialysis” of DO against acetate buffer (pH 4.5-5.0)protects the enzyme against inacti- 
vation. Hence it is concluded that both PP and FAD participate in the action of DO. 


I am deeply grateful to Prof. A. E. Braunshtein for valuable advice and his constant interest in the work. 
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INVESTIGATIONS OF THE STRUCTURE AND CHEMICAL COMPOSITION 
OF PROLAMINES 


THE AMINO ACID COMPOSITION OF WHEAT AND RYE GLIADIN 


M. S. Reznichenko, V. M. Kolesov, L. I. Polotnova, and N. A. Chubachina 


Chair of Chemistry, F, Engels Institute of Soviet Trade, Leningrad 


Despite the fact that the chemical composition of cereal proteins has been studied for a long time, the 
amino composition of the prolamines of cereal grains is not definitely known. The iist of amino acids in the 
composition of wheat gliadin given in Block and Bolling's monograph [1] does not include phenylalanine, serine, 
and valine. The list of amino acids of wheat gliadin hydrolyzate given in Kozmina and Kretovich's text book 
[2] gives no information on the serine, threonine, and methionine contents, Still less information is available 
on the amino acid composition of rye gliadin and other cereal grain proteins. 


The data on the quantitative contents of many amino acids are very contradictory even for the most ex- 
tensively studied wheat gliadin. For example, according to Abderhalden [3] and Osborne [4], the lysine con- 
tent in wheat gliadin approaches zero; but according to later data from the second author [5] the lysine content 
of this protein varies between 0.6 and 1.1%. According to Blish [6] the lysine content of wheat gliadin is 0.40%. 
The data on the contents of the other amino acids in this most important plant protein also show considerable 
deviations. 


There can be no doubt of the need to establish the amino acid composition of cereal proteins. On the one 
hand, this will permit a more precise evaluation of the food value of rye, barley, oats, maize, and other cereals, 
On the other hand, a knowledge of the true amino acid composition of the prolamines is a prerequisite for 
further studies of the structure of these proteins, primarily for determination of the number of peptide chains 
which compose the prolamine macromolecules. 


As an extension of the investigations on the structural chemistry of proteins, published earlier by one of 
the present authors [7-9], in the present series we studied the amino acid compositions of wheat, rye, oat, and 
barley gliadins, and the prolamines of maize and certain other cereals, in order to determine the nature of the 
N- and C end groups of the peptide chains in the molecules of these biochemically most important proteins. 


Wheat and rye gliadins were prepared by Kiesel's modification of Osborne's method [10]. 0.1 g samples of 
the proteins (calculated as the absolutely dry substance) were hydrolyzed in 20% HCl in sealed tubes at the tem- 
perature of a boiling water bath for 6 hours, It was established by direct experiments that this hydrolysis time 
in such conditions results in complete hydrolysis of the proteins. 


The qualitative amino acid composition of wheat and rye gliadins was studied with the aid of two-dimen- 
sional partition chromatography. Rapid chromatographic paper manufactured at the end of 1954 at the Volo- 
darsky works, Leningrad, was used. Two solvents were used. consecutively as developers; 1) pyridine —acetic 
acid~water (15: 5:3) and 2) butanol—acetic acid, saturated with water (4: 1:5) with subsequent treatment 
of the descending chromatograms by 0.1% solution of ninhydrin in butanol. The development inSolvent 1 lasted 
from 8 to 20 hours, and inSolvent 2 from 22 to 26 hours. To bring out the color, the chromatograms were 
kept at 80° for 5 minutes, By the use of these solvents it is possible to identify all the amino acids in the hydro- 
lyzates of the proteins studied, with the exception of tryptophan, which is completely destroyed by hydrolysis 
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Chromatogranm: of wheat gliadin hydrolyzate; right to left: pyridine —acetic acid; top to bottom: 
utanol ~acetic acid. 

1) Glycine, 2) alanine, 3) leucine, 4) lysine, 5) histidine, 6) arginine, 7) glutamic acid, 8) cys- 

tine, 9) proline, 10) tyrosine, 11) threonine, 12) serine, 13) phenylalanine, 14) valine (+ methio- 
nine), 15) aspartic acid, Total amount of substance in dropapplied to the paper was 200 pg. 


for 6 hours at 100° in 20% HCl. The sulfur-containing amino acids are also destroyed to a considerable extent 
under these conditions [11]. Nevertheless, cystine can be detected on the chromatograms, while the much 
diminished methionine spot coincides (because of the equal R¢'values) with the valine spot. For this reason cys- 
tine and methionine could not be quantitatively determined in the conditions of our experiments. 


Table 1 shows the Rr values for 17 amino acids in the two solvents used. 


The two-dimensional chromatograms of hydrolyzates of wheat (see figure) and rye gliadins (30 x 35 cm) 
coincide in the positions of the 14 amino acid spots, and differ only by the presence of a spot for aspartic acid 
(No. 15) in wheat gliadin, and by the sizes of the spots for proline, phenylalanine, and some other amino acids. 


The quantitative determination of the amino acids was carried out by means of elution of the correspond - 
ing regions of the chromatogram, followed by colorimetric comparison of the solutions with standard eluates, 
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TABLE 1 
Rr Values for Different Amino Acids 


Amino acids In pyridine ~ace- | In butanol—ace- | Amino acids | In pyridine—ace-| In butanol— 
tic acid—water tic acid—water tic acid—water acetic acid— 
mixture mixture mixture water mix- 
ture 


Cystine Alanine 
Aspartic acid Threonine 
Lysine Proline 
Histidine Tryptophan 
Arginine Methionine 
Glycine Valine 
Serine Tyrosine 
Glutamic acid Pheny lalanin 


Leucine 


The spots on the chromatograms (on the day following development) were cut out and extracted for 30 
minutes with 2 ml of 96% ethanol, After decantation, one drop of 0.5% CuSO, was added to the colored solu- 
tion, which intensified the color considerably and converted the violet pigment into pink (with the exception 
of the yellow proline pigment, which remained unchanged). The control mixture of amino acids was applied 
to the paper in the form of a drop containing, in 0.005 ml, 50 »g of glutamic acid, 20 yg each of phenylal- 
anine and proline, and 10 wg each of lysine, threonine, valine, and leucine, The separation was continued 
long enough for complete resolution of all these amino acids, 18 hours after development of the color by means 
of ninhydrin, portions. of the control chromatogram were cut out and treated as described above. The control sol- 
utions obtained in this way were compared in a Col-1 M microcolorimeter against the experimental solutions 
eluted from the chromatographic spots of the protein hydrolyzates. 


Repeated chromatographic separation of hydrolyzates of the proteins studied showed the presence of the fol- 
lowing amino acid residues in wheat gliadin: 1) glycine, 2) alanine, 3) leucine, 4) lysine, 5) histidine, 6) argi- 
nine, 7) glutamic acid, 8) cystine, 9) proline, 10) tyrosine, 11) threonine, 12) serine, 13) phenylalanine, 14) va- 
line, and 15) aspartic acid, No aspartic acid was found in the sample of rye gliadin studied. In view of the 
equal Rr values of valine and methionine, and of the easy oxidizability of the latter during hydrolysis with 20% 
HCl, the presence of methionine could not be established with certainity. The presence of tryptophan in the 
proteins was confirmed by tests by Furth's method [12] carried out on separate samples. 


Our results confirm the data contained in the literature (1, 2, 5] on the amino acid composition of wheat 
gliadin. According to our data, it contains, in addition to the amino acids found earlier, also threonine, serine, 


phenylalanine and valine. Investigation of rye gliadin hydrolyzates showed that rye gliadin contains the same 
amino acids, but in different proportions (Table 2). 


In view of the experimental difficulty of separating amino acids with similar R¢ values, only some of the 
amino acids were determined quantitatively in both specimens of proteins. Of these seven amino acids, the 
first three were determined in order to evaluate the technique used. The contents of these amino acids have 
been determined previously with sufficient accuracy by preparative methods [1, 2, 5]. It is seen that the elu- 
tion method followed by colorimetry of the copper compounds of the amino acids gives quite satisfactory re- 
sults. In view of the lack of literature data on the valine and phenylalanine contents, it was important to 
determine these. The need for the determination of threonine and lysine was governed by their biochemical 
significance, and by the lack of accurate data on their contents in cereal gliadins. 


Table 2 shows that our values for valine in the two proteins are fairly similar, but are rather above the 
values given in the literature.This may beattributed to the presence of a certain amount of methionine, not 
completely destroyed by hydrolysis, in the chromatographic spots for valine. Our results for the lysine contents 
of both gliadins, 1% or a little over, practically coincide with, Osborne's results [5] and are fairly close to the 


values for wheat gliadin.given by Kozmina and Kretovich [2]. The phenylalanine content is rather higher in 
wheat gliadin. 


0.41 0.22 
0.42 0.20 
0.42 0.28 
0.56 0.35 
0.61 0.41 
0.64 0.34 
0.66 0.49 
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TABLE 2 
Amino Acid Composition of Wheat and Rye Gliadins (in %) 


Amino acids Wheat gliadin Rye gliadin Wheat gliadin 
Cited by Block | Cited by Koz- 
and Bolling mina and 
Kretovich [2] 


Glutamic acid 
Proline 
Leucine 

Lysine 

Valine 
Pehny la lanine 
Threonine 


Examination of all the above data on the amino acid composition of wheat and rye gliadins leads to the 
conclusion that rye gliadin is a complete protein. It is in no way inferior to wheat gliadin in its content of 
essential amino acids, 


SUMMARY 


The following amino acid residues were found in wheat gliadin by means of paper partition chromatogra - 
phy: glycine, alanine, leucine, lysine, histidine, arginine, glutamic acid, cystine, proline, tyrosine, and trypto- 
phan. In addition to these previously known structural elements of wheat gliadin, the following amino acids 
were also found in its hydrolyzates: threonine, serine, phenylalanine, and valine. 


The same amino acids as are present in wheat gliadin, but in different proportions, were found by the same 
method in rye gliadin hydrolyzates, 


The quantitative data for the contents of glutamic acid, proline, leucine, lysine, valine, phenylalanine, 
and threonine show that wheat and rye gliadins are chemically similar, but the latter has a lower proline con- 
tent. 
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STUDY OF THE NUCLEAR FRACTIONS OF CERTAIN TISSUES OF ANIMAL 
AND PLANT ORIGIN 


S. O. Uryson 


A. N. Bakh Institute of Biochemistry, Academy of Sciences USSR, Moscow 


Several papers have recently been published which shed light on the composition of the cell nucleus. It 
has been shown that the cell nucleus has a very complex composition; in addition to basic protein and desoxyri- 
bonucleic acid (DNA) it contains other protein fractions and also enzymes. 


Mirsky and Pollister [1] isolated from a number of animal organs and also from pneumococci and wheat 
germ, a structural nuclear nucleoprotein, which had a fibrous structure and which was given the name of *chro- 
mosin". Investigation showed that in all cases it consisted of a histone, DNA in a high polymer form, and a 
protein of acid character. This work reconciled the existing views according to which nuclear nucleoproteins 
consisted either only of basic proteins and DNA, or, as followed from Belozersky’s work [2] on plant nucleopro- 
teins, only of DNA and complex proteins of a non-basic nature. In view of the facts given in the paper by 
Mirsky and Pollister, the question arises whether the cell nucleus is composed entirely from the structural nuclear 
protein, or whether the latter is only a‘definite component of the cell nucleus, There are two viewpoints on 
this question in the literature. Some papers [1, 3] suggest that the cell nucleus consists almost entirely of a struc- 
tural nucleoprotein, while according toothers the cell nucleus contains other protein fractions in addition to the 
structural nucleoprotein, For example, Zborsky and Debov [4] showed that nuclei of normal tissues and malig- 
nant tumors contain, in addition to a structural nucleoprotein, a protein of acid character, soluble in 0,05 N 
NaOH, and a residual protein. 


An attempt was made in the present investigation to compare structural nucleoprotein fractions from cell 
nuclei of different physiological potencies... The materials used were nuclei of specialized tissues (calf thymus 
gland and bovine liver), in which under normal conditions the fission capacity of the cell nuclei is at a minimum, 
On the other hand, as.an example of tissue the nuclei of which arecapable of. vigorous fission, wheat embryo was 

used; a structural nucleoprotein fraction was extracted from this for investigation. 


1. Isolation of Cell Nuclei and Study of the Composition of Some Nuclear 
Fractions 


Three methods for the isolation of nuclei were tested in the investigation: 1) the method of Mirsky and 
Pollister [1], in which the nuclei are isolated in a weakly acid medium containing 1% citric acid; 2) the method 
of Hogeboom et al. [5], in a sucrose medium; 3) the method of Dounce, modified by Zbarsky and Perevoshchikova 
[6] with the use of sodium citrate in a nearly acid medium. 


A comparison of these three methods carried out on liver cell nuclei showed that the purest preparations 
of nuclei and highest yields are obtained by the "citric acid method”. Therefore, despite its known defects (par- 
tial denaturation of the proteins) this was the method mainly used, on the assumption that for a determination 
of the quantitative relationships of the various nuclear components it is important to have the purest possible 
nuclear preparations, 


In addition to nuclei as such, we also studied structural nucleoproteins obtained from nuclei by Mirsky and 
Pollister's method [1]. The structural nucleoproteins of the liver and thymus were extracted from previously 
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isolated nuclei. In view of the fact that isolation of nuclei from wheat embryo presents considerable difficulties, 
in this instance the structural nucleoprotein was isolated from‘salt extracts (1 M NaCl) of wheat germ flour. 
Both in the isolated nuclei and in the structural nucleoproteins prepared from them, nitrogen was determined by 
the micro-Kjeldahl method, phosphorus by Embden's method, DNA by Dische’s method, and RNA by the pentose 
method [14]. 


TABLE 1 
Composition of Nuclei and Their Structural Nucleoproteins 
Yo of dry weight 


Pentoses | RNA 


Nuclei }of thymus 17.1 3.2 33.0 0.2 
of liver 16.0 2.7 27.8 0.7 


Structural nucleoproteins/ of thymus 16.4 4.4 45.3 0.2 
J of liver 16.3 4.4 45.3 = 

of wheat em- 
L byro 16.2 3.4 35.0 2.0 


Amount of nucleic acid, calculated on phosphorus, 


The data in Table 1 show that the nucleoproteins from the liver and thymus are similar in composition, 
and differ from the structural nucleoprotein of wheat embryo. The latter has a lower content of nucleic acids, 
but contains a considerable amount of RNA. This is possibly associated with the functional characteristics of 
the embryonic tissue. The high RNA content in wheat embryo nuclei was also reported by Stern and Mirsky [7]. 


In the subsequent work the preparations of nuclei and structural nucleoproteins were fractionated into their 
components; histone, non-histone protein, nucleic acid, and insoluble residue. 


For isolation of the histone, the nuclear and nucleoprotein preparations were completely extracted with 
0.2 N HCl; the histone was dissolved, and was then precipitated at pH of about 11 by addition of ammonia and 
double the volume of alcohol. The portion insoluble in 0.2 N HC1 was dissolved in 0.2% NaOH; as Table 2 
shows, in some instances the solution was complete, while in others a small residue, insoluble in 0.2% NaOH, 
remained, The alkaline solution was somewhat diluted with water and shaken repeatedly with a mixture of 
chloroform and isoamyl] alcohol (4:1). The shaking was continued until a gel was no longer formed when a 
fresh portion of solvent was added, The gel was collected, washed with water and dilute alcohol, and centri - 
fuged off; the non-histone protein was precipitated by strong alcohol. The alkaline solution and the wash 
liquors contained nucleic acid, which was precipitated with alcohol after acidification with HCl. All the pro- 
ducts were dried in the usual way. 


The quantitative proportions of the nuclear components and nucleoproteins, expressed as % of the original 
material, are shown in Table 2, They are shown as extreme values obtained in several experiments, 


Table 2 shows that the compositions of the nuclei and their structural nucleoproteins differ mainly in the 
contents of non-histone protein and of nucleic acid. The considerable variations in the non-histone protein 
ind nucleic acid yields found in some cases are most likely caused by the complexity and certain arbitrariness 
of the method used for separation of these two components, 


The composition of nucleoproteins from embryonic tissue (wheat gérm) and specialized tissues (thy mus 
and liver) differs both in the histone and in the non-histone protein content. The lower histone content and 
the high content of non-histone protein in the embryonic tissue nucleoprotein, and also the high histone content 
in the nucleoproteins of specialized tissues, should be noted, These results indicate a definite correlation be - 
tween the basic protein content and the DNA in the preparations. A high histone content . involves a high con- 
tent of DNA. It should be pointed out that the composition of the cell nuclei in the thymus gland is nearer to 
the composition of the structural nucleoprotein isolated from these nuclei, than is the case for the nuclei and 


the structural nucleoprotein in the liver. This probably indicates that the liver nuclei have a more complex 
protein composition, 


Material Nitrogen {Phosphorus | Nucleic acids * DNA 
1.7 23.7 
0.5 46.8 ie 
5.0 32.2 
| 
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TABLE 2 
Contents of Various Fractions in Nuclei and Their Structural Nucleoproteins 
% of the ori 
Material 


Nuclei of thymus 
of liver 


Structural nucleoproteins f of thymus 
of liver 
of wheat em- 
byro 


TABLE 3 


Characteristics of Proteins Isolated from Nuclei and Their Structural Nucleoproteins 
% of dry weight 


Material | __Nitrogen Phosphorus 


Histones from: 
Thymus gland nuclei 
Thymus nucleoproteins 
Liver nuclei 
Liver nucleoproteins 
Wheat embryo nucleoproteins 


Non-histone proteins from: | 
Thymus gland nuclei \ 
Thymus nucleoproteins 
Liver nuclei 
Liver nucleoproteins 
Wheat embryo nucleoproteins | 
\ 

Table 3 shows that proteins of the histone type have a high nitrogen contents, low phosphorus, and no 
tryptophan. Proteins of the non-histone type have a higher phosphorus content, and it was found that they con- 
tain both DNA and RNA, which may probably be attributed to the stable bonds between these proteins, and the 
nucleic acids, All the proteins of this group contained tryptophan. The fact that the tryptophan content was 
lower in the non-histone proteins isolated from the structural nucleoproteins than in the proteins isolated direct 
from the nuclei, shows that only some definite protein fraction of the cell nucleus enters into the nucleoproteins 
composition. The presence of a protein containing tryptophan in all the preparations confirms that the latter 


is an essential constituent of compounds of this type, and cannot be regarded as an impurity, as was believed 
by Zbarsky and Debov [4]. 


The results show that the structural nucleoprotein is only a certain fraction of the nucleus. This is con- 
firmed by the following: 1) the ratios of the components of the nucleus as a whole and of its nucleoproteins 
are different; 2) the composition of the non-histone proteins in the nuclei as a whole differs from that of the 
non -histone proteins isolated from the nucleoproteins; 3) direct experiments showed that after repeated salt 
extraction of liver cell nuclei, prepared both by Mirsky and Pollister's method and by the "sucrose" method, an 
insoluble residue remained, which consisted mainly of proteins of the non-histone type. 


2. The Amino Acid Composition of Certain Nuclear Proteins 


Of the nuclear protein preparations studied, wheat embryo proteins, in particular histone, were of special 
interest. 


The isolation and a study of the general properties of wheat embryo histones was described by Belozersky 
and Abelev [8], but they did not make any detailed study of its amino acid composition. Since it is believed 


| Nucleic acid | imoluble residue | |: 
a 32-35 22-25 30-37 1.5-2.5 1s 
22-25 43-52 18-25 5-7 
34-40 1-15 34-48 0 
aS 
35-40 11-14 40-46 0 
23-28 24-36 22-37 7-8.5 i 
| | 
17.2 0 0 
16.1 0.3 0 
17.0 0.2 0 
17.8 0.2 0 
17.6 0.3 0 | 
od 
di 
4 
| 
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that the amino acid composition of histones from different tissues is similar [9, 10], it appeared of interest to 


compare plant and animal histones. The nuclear protein of the non-histone type from wheat embryo was also 
analyzed, 


There have been fairly numerous studied of the properties and the amino acid composition of histones 
from various animal tissues [9, 11-13]. Recently a number of authors have demonstrated the heterogeneous 
nature of various histones both by physico-chemical [12] and by chemical [13] methods. On this basis it would 
be more correct to refer to the “histone fraction” of cell nuclei. 


In the present work the amino acid composition of three proteins was studied; histone and non-histone 
from the nuclear nucleoprotein of wheat embryo, and thymus gland histone. 


16 amino acids were identified by two-dimensional chromatography on paper, and 7 of these were 
determined quantitatively. The quantitative determination of some of the amino acids and of the forms of 
nitrogen was carried out in hydrolyzates of the corresponding protein preparations, The materials were hydroly - 
zed and fractionated by the usual methods [14}, Lysine was determined from the amino nitrogen (the Van Slyke 
method), arginine. by the Sakaguchi method, histidine by the Pauly reaction, dicarboxylic amino acids by the 


Kretovich and Bundel method, tyrosine by the Millon reaction, and tryptophan by Zbarsky's modification of the 
Firth method. 


Quantitative data on the contents of certain amino acids in the preparations studied are shown in Table 
4; these are mean values obtained by two parallel hydrolyses, and are expressed as % of the dry weight. The 


values for the amino acids in proteins of the non-histone type from wheat embryo are calculated for protein 
not containing nucleic acid. 


The qualitative identification of the amino acids was. carried out by two-dimensional chromatography 
on paper, with the following solvent mixtures: 1) butyl alcohol — acetic acid — water (50:40:10) and phenol 
saturated with water; 2) butyl alcohol — acetic acid — water (50:40:10) and pyridine — isoamyl alcohol — water 
(35:35:30). The following were found by means of Mixture 1: glutamic acid, aspartic acid, serine, glycine 
threonine, alanine, proline, tyrosine, arginine, lysine, aud histidine. With the aid of Mixture 2 the following 
were identified; valine, phenylalanine, leucine, isoleucine, and methionine. The presence of cystine remains 


in doubt. 
TABLE 4 
Amino Acid Composition of Nuclear Proteins 


Amino acids Thymus | Wheat embryo ‘Amino acids Thymus Wheat embryo 
gland gland 


histones | non-histone histones { non-histon 
protein 


Nitrogen of basic fraction | 34.8 | 33.3 Not determined! Glutamic acid 


Nitrogen of monoamino 


acid fraction 43.2 | 45.4 ditto } Proline 
Lysine 13.2 | 11.6 9.3 | Serine 
Arginine 12.6 | 13.0 9.5 | Glycine 
| 


Tryptophan 


+ 


Histidine 1.7. }- 1.4 1.9 Threonine 
Tyrosine - 3.6] 2.8 Alanine 
Dicarboxylic amino acids Valine 
(total) 13.4 | 14.1 Pheny lalanine 
Aspartic + 5.8 Leucine 
Isoleucine 
Methionine 


++ een + 


* Proline was determined from the difference between the total nitrogen of the monoamino acid fraction, and 
amino nitrogen after half an hour's determination in the Van Slyke apparatus, 
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It is seen from the analytical results that 16 amino acids were found in the histone from wheat embryo 

and in the histone from the thymus gland. Both histones contain considerable amounts both of basic and of di- 

carboxylic amino acids, small amounts of sulfur-containing amino acids, and no tryptophan. 17 amino acids 

were found in the non-histone protein from the nuclear nucleoprotein of wheat embryo. 
SUMMARY 


Thymus gland and liver cell nuclei contain other protein fractions in addition to structural nucleoproteins, 


The structural nucleoproteins of the cell nuclei of specialized and embryonic tissues differ in the ratios 
of their components, The nucleoprotein from embryonic tissue has a high content of protein of the non-histone 


type. 
In its amino acid composition the histone of wheat embryo is similar to histones of animal origin. 


In conclusion, I wish to express my deep gratitude to Prof. A. N. Belozersky for his guidance. 
Received November 3, 1955 
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METHOD FOR INVESTIGATION OF THE REDUCTION OF DEHYDROASCORBIC 


IN THE ENTIRE ANIMAL ORGANISM 


A. Ya. Rozanov 


Chair of Biochemistry, N. I. Pirogov Medical Institute, Odessa 


It has now been established that endogenous C-hypovitaminosis may occur as the result of increased con- 
sumption of vitamin C in the human and animal organism. According to Vinokurov and his co-workers [1-5], 
and to other authors [6-8], the destruction of vitamin C in animal tissues depends on the rate of irreversible 
conversion ofdehydroascorbic acid (DAA) into diketogulonic acid and other non-vitamin products; reduction of 
DAA to ascorbic acid (AA) prevents the development of this vitamin deficiency in the organs and tissues. Ex- 
perimental investigations in recent years have shown that a number of intoxications, certain infections, and 
other factors inhibit the reduction of DAA in the organs of guinea pigs and white rats, and thus cause, endogenous 
C -hypovitaminosis (Vinokurov et al, [9-11], Matusis [12], Spilioti [13], Vainberg and Spilioti [14], and others), 


The above authors studied the reduction of DAA by animal tissues by means of in vitro experiments. In 
this technique, which has been described by Borsook et al. [15] and Schultze et al, [16], about 1 mg of DAA 
was added to a small weighed sample of tissues minced in phosphate buffer (pH 7.0-7.4). The tissue was in- 
cubated with the DAA for 30-60 minutes at 37° in a thermostat and the increase of the AA content in the tissue 
was determined, which was taken as a measure of the capacity of the tissue to reduce DAA. It Should be noted 
that in these investigations DAA was prepared by oxidation of AA by means of iodine or bromine, and it was 
added to the tissues together with the other reaction products (iodides or bromides), 


The present paper described a method for studying the reduction of parenterally administered dehydro- 
ascorbic acid by estimation of the ascorbic acid excreted in the urine. It should be pointed out that in 1934 
Johnson and Zilva [17] demonstrated this possibility on three animals, to which they administered decitrated 
lemon juice, oxidized by iodine or perhydrol in presence of sulfuric acid (to give DAA), and determined the 
AA excreted with the urine. However, this method was not developed further and studies of the reduction of 
DAA by the entire organism were carried out by determinations of the increase of the AA present in organs of 
animals to which DAA had been previously administered parenterally [18-21]. 


EXPERIMENTAL 


Method. Animals of the same sex (male), both capable of synthesizing vitamin C (white rats) and not 
capable (guinea pigs) were used for the experiments. The total number of animals was 40 (8 guinea pigs 
weighing 500-600 g, and 32 white rats weighing 150-200 g). The diet of the guinea pigs consisted of 60 g 
carrots, and unlimited oats and hay. The diet of the white rats was 12 g of dry “casein milk" (containing 
dry yeast, 0,2 mg fish liver oil, unlimited oats, and 40 ml of water. The animals were kept for 6-7 days on these, 
diets and then placed in large porcelain Buchner funnels, for daily collection of urine, To stabilize the AA, the 
urine was collected in small flasks to which 5 ml of 20%, metaphosphoric acid, 5 ml of glacial acetic acid, and 
vaseline oil to form a film impermeable to air had been added, In addition, the flasks for collecting the urine 


were placed in large lightproof beakers. For the AA determination the urine sample was diluted 5 times, acidified 


with hydrochloric acid, and titrated with 0,001 N 2,6-dichlorophenolindophenol to a rose color persistent for 30 
seconds, 
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The DAA required for the: parenteral administration was prepared from AA by a method developed by us 
previously [22]. DAA was dissolved in a small volume of water (100 mg in 1 ml) and administered parenteral - 
ly. The amount of DAA administered to the animals was checked each time after reduction to AA by means 
of hydrogen sulfide for 15 minutes at pH 4. The residual hydrogen sulfide was driven off by a strong stream of 
CO, after acidification of the solution by a few drops of concentrated HCl. The DAA reduced by this method 
was determined, like AA, by titration with 2,6 -dichlorophenolindophenol. 


The method used for studying the reduction of DAA in the animal organism was as follows: the original 
content of AA in the daily urine of guinea pigs and white rats was determined, a definite amount of DAA was 


then injected subcutaneously or intramuscularly, and the increase in the amount of AA in the urine was deter- 
mined, 


The first series of experiments was carried out on guinea pigs and white rats kept on the normal diet 
(composition given above) which did not receive previous saturation doses of AA. The results of these experi - 
ments are shown in Table 1. This shows that after subcutaneous injection of DAA the amount of AA excreted 
in the urine increases sharply above the original level, which we attribute to reduction of the subcutaneously 
injected DAA in the organism. However, in some of the guinea pigs and white rats the amount of AA excreted 
in the urine was still relatively low during the first few days after administration of DAA, which is due to some 
vitamin C deficiency in their organism, leading to retention of the reduced AA in the tissues. 


TABLE 1 
Reduction of DAA Upon Daily Administration to Guinea Pigs and 
White Rats Not "Saturated" with Vitamin C 


f 
Date, 1953 | DA® ine mg of AA excreted with urine 


Guinea pigs 
Ne 1 No 2 N 3 
X-14 — 0,23 0,14 0,14 
X-15 _ 0,13 0,06 0,54 
X-16 -- 0,14 0,12 0,45 
X-17 94 3,76 4,42 3,00 
X-18 106 2,64 2,94 3,45 
X-19 108 8,16 4,36 3,36 
X-20 95 7,88 9,81 3,68 
White rats 
Ne 1 Ne 2 NM. 
-14 0,07 0,30 0,15 
X1-15 -- 0,06 0,44 0,20 
XI -16 0,15 0,40 0,13 
XI-17 54 1,20 3,85 14,91 
XI -18 45 4,84 7,68 13,04 
XI-19 44 5,16 8,44 16 ,08 
X1-20 48 9,20 9,36 14,34 
XI+21 52 16,16 8,70 _ 


In the second series of experiments the rate of reduction of DAA administered in various doses to guinea 
pigs and white rats was studied, 5 guinea pigs, and 5 white rats (from the same litter) were previously saturated 
with vitamin C by parenteral administration of 50 mg doses of AA to each guinea pig and 20 mg doses to each 
white rat, three times with intervals of 2 days. The experiments began 2 days after the last injection of AA. 


The results of the second series of experiments are shown in Table 2, They show that DAA is reduced 
more rapidly in white rats than in guinea pigs. Another interesting relationship found on administrations of 
different doses of DAA to the animals should also be noted, It was found that white rats always reduce a defi- 
nite proportion (21-25%) of the injected DAA irrespective of the size of dose. Even when the dose was 10 times 
as large, the percentage of reduced AA excreted did not change. This effect was not observed in the experi - 
ments with guinea pigs, in which the percentage reduction of DAA increased (from 0 to 10.8%) with increase 


of the dose of DAA. The investigations in this series made it possible to select the optimum dose of DAA for the 
subsequent experiments. 


270 


Bi... 
| 
ale 
a 
| 

. 
fe 

ey 


TABLE 2 


Reduction of DAA Administered in Various Doses to Guinea Pigs and White Rats Previously "Saturated" 
With Vitamin C 


%reducuon 
a mg of DAA in- to AA onfirst 
ry jetted _____| mg of AA excreted with urine day after 
me per per kg injection 
animal |body wt. of DAA 


Guinea pigs 


XI-11 


XI-12 -_ _ 0,13 0,24 0,16 0,24 0,25 ~ 
: XI1-13 20 40 0,26 0,15 0,16 0,19 0,25 0 
X1-14 -- 0,22 0,16 0,18 0,14 0,14 — 
= XI-15 40 80 0,47 0,43 0,72 0,38 0,57 0,8 
XI-16 0,23 0,13 0,32 0,25 0,13 
X1-17 80 160 3,85 4,12 4,95 3,84 3,07 4,5 
XI-18 0,32 0,29 0,42 0,33 0,27 
XI-19 120 240 6,98 6,64 8,48 6,20 5,56 5,6 
XI-20 0,38 0,2 0,32 0,40 0,34 
X1-21 250 500 27,92 | 29,09 | 34,05 | 24,50 | 20,24 10,8 
057 | 0,48 | 0.43 | 0:38] o38| — 


X1-26 


X1-27 20 100 4,87 | 5,93 | 4,08.| 3,37 | 3,30] 24,5 
X1-28 — — 1,140 | 0,52 | 0,92 | 0,39} 0.62 
x1-29 40 200 | 40,73 | 41,03 | 7,89 | 7,00 | 7,70] 22,4 
X1-30 — 1,17 | 1,34 | 0:81 | 0:70] 0,68 
XI+1 50 250 | 14,38 | 14,32 | 44,37 | 10,29 | 12,43 | 25,4 
XIr-2 0,87 | 0,99 | 0,79 | 0,75 | 0,32 
XIE-3 100 500 | 28,14 | 21,62 | 20,79 | 19,48 | 25,96 | 23,4 
~ 1,13 | 1,34 1,05 | 0,89 | 0,73 
XI-5 200 | 1000 | 44,57 | 54,53 | 44,58 | 37,59] 51,93 1 24,0 


The third series (3 experiments) was carried out on 24 white rats in order to study the course of DAA reduc- 
tion on prolonged administration of equal doses, and to determine the relationship between decomposition of AA 
and reduction of AA in the organism, The animals received,every other day, two 50 mg doses of AA at the start 
of the experiment, then four 50 mg doses of DAA, and then another 00 mg dose of AA at the end of the exper- 
iment, 


The results of two such experiments are shown in Table 3. Similar results were obtained in Experiment 
III on ten white rats, with the same procedure but with the use of 25 mg doses of AA and DAA. The results of 
these experiments show that in the case of rats previously “saturated” with AA subsequent administration of 

50 mg doses of DAA on alternate days results in its excretion in the form of AA during the first few days; in these 
experiments, in most of the white rats (except Nos. 11 and 9) the reduction of DAA and its excretion in the daily 
urine in the form of AA remained constant during eight days of investigation, and had an average value of 30+287, 
(22.70 —. 39.867.) of the dose of DAA administered. In two of the rats (No. 9, and especially No. 11) the re- 
duction of DAA was considerably less, It should also be noted that when these two rats received 50 mg doses 

of AA their excretion of AA in the urine was much less than that of the other animals. This confirms once again 


that decomposition of AA and reduction of DAA in: white rats is determined by the power of tissues to reduce 
DAA to AA, 


; 
o 
Ne 4 Ne 5 Ne 6 Ne 7 Ne 8 
0.31 0.20 0.16 0.29 0 
White rats 
No 4 Ne 5 6 No 7 Ne 8 
= = 0,63 0,37 0,56 0,35 0,41 
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TABLE 3 


Decomposition of AA and Reduction of DAA in Rats During Prolonged Administration 
of AA and DAA in Equal Doses 


Date Dose per mg of AA excreted with urine 
rat, mg 
Experiment I 


Ne 10 


50, DAA 
50, DAA 
50, DAA 
50, DAA 0.13 
50, DAA 55 | 12/98 


Experiment II 


Kk 
oon 


0,56 
30,114 


10 

11 
I-12 
1-13 
I-14 
1-15 
1-16. 
I-17 
1-18 
1 19 
1-20 
I-21 


SUMMARY 


A method is described for studying the capacity of the entire animal organism to reduce parenterally ad- 
ministered dehydroascorbic acid (DAA), by determination of its reduction product, ascorbic acid (AA) in the 
daily urine. To obtain reliable results it is necessary first to "saturate" the animals with AA, as when there is 
a deficiency of vitamin C part of the DAA is retained in the tissues. 


DAA is reduced two or three times more rapidly in white rats than in guinea pigs. The rate of DAA reduc - 
tion in the organism of the white rat is fairly constant and is not affected by variations of the dose of DAA. The 
rate of DAA reduction in the organism of the guinea pig increases with the size of dose. 


When equal doses of DAA are administered over a period of many days to white rats previously “saturated” 
with vitamin C, its excretion in the form of AA in the urine becomes constant, which is a sign of the stability 
of the DAA reduction processes in the organism of these animals, 
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1905 N9 Nit N12 M13 16 

XII-1 0,03; 0,12] 0,04; 0,08] 0,13] 0,03} 0,07] 0,13 

XII-2 | 0,46] 0,07] 0,07] 0,01] 0,06] 0,50| 0,06) 0,27 

XII-3 50, AA 6,23 | 25,96 | 0,39] 34,60] 19,80] 17,97] 37,59] 20,79 

XIl-4 0,72} 0,40] 0,26] 0,04] 0,89] 0,85] 0,39] 0,49 

XI 5 50, AA 14,41] 31,12] 14,22] 36,68] 34,88-] 14,61] 41,74] 33,96 = 
XII-6 0,32] 0,32] 0,66] 0,49] 0,52 

XII-7 15,33 | 13,50] 17,87] 14,93 

XII-8 0,04} 0,87] 0,99] 0,75] — 4 

XII-9 14,04 | 17,32 | 11,35 | 18,48] 13,74 

XII-10 0,72| 0,68] 0,69} 1,13] 0,73 

XIl-11 13,78 | 12,46] 15,42 | 19,22] 17,42 

XII-12 0,19} 0,81] 0,89{ 0,67] 0,24 

XII-13 14,63 | 14,43 | 11,89 | 17,36] 14,96 

XII-14 0,09} 0,23] 0,26] 0,65] 0,56 

XII-15 19,43 | 25,581 19,16! 30,51! 20,44 aa 
Ne 17 Ne 18 No 19 Ne 20 Ne 21 NM 22 
_ 0,52 0,45 0,76 1,16 0,45 0,14 « 

one 0,59 0,94 0,78 1,16 1,05 0,38 y 

50,AA 29,36 34,18 31,41 22,67 33,49 | 33,64 a 

0,42 0.85 0,84 2,66 0,37 

| 50, AA 27,58 22,52 27,17 17,84 35,52 | 25,00 a 
0,24 0,69 0,43 0,50 0,58 0,24 

50, DAA 15,95 15,13 14,01 16,55 13,09 | 41,31 
_ 0,80 0,68 0,88 0,66 0,67 0,48 a 
50, DAA 19,45 15,19 19,93 18,31 14,54 | 411,87 i 

| — 0,82 1,43 0,89 0,94 1,52 0,74 : 
50, DAA 16,77 15,13 15,69 17,35 16,63 | 15,34 : 

— 0,98 0,47 1,15 0,85 0,65 0,40 is 

50, DAA 17,04 15,97 14,71 13,09 16,91 | 12,20 3 

0,73 1,05 0,85 1,21 0,57 

50, AA 38,37 27,62 29,00 32,13 | 27,57 
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(6) 

(7) 

(8) 

[9] 
[10] 
(11) 
[12] 
(13) 
{14] 
[15] 
[16] 
[18] 
[19] 
[20] 
[21] 
[22] 
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SYNTHESIS AND OXIDATION OF FATTY ACIDS IN ISOLATED CHLOROPLASTS 


N. M. Sisakyan and B. P. Smirnov 


A. N. Bakh Institute of Biochemistry, Academy of Sciences USSR, Moscow 


Our knowledge of chloroplast lipoids is still limited, and consists largely of the aggregate characteristics 
of the lipoid complex of the plastids. 


According to a number of authors [1-5], the lipoid content in the chloroplasts of different plants varies 
from 18 to 34% of the dry weight. We showed earlier [6] that chloroplast lipoids are found in combined and in 
free states; the ratio between the forms varies during development of the plant. The only investigation of general 
identification of chloroplast lipoids was carried out by Menke and Jacob [7]. These authors found the acetone - 


soluble lipoid fraction of spinach to contain 45-55% fatty acids, 5-7% glycerol, and 15-21% unsaponifiable mat- 
ter, 


Some aspects of the biochemical transformations of the higher fatty acids in chloroplasts are examined in 
the present paper. 


EXPERIMENTAL 


The materials studied were red clover, sunflower of "Omsky skorospely® variety, sugar beet of "Uladovka® 
variety, and beans of “Latvia” variety. Different methods were used for isolation of the chloroplasts for differ- 
ent purposes. 1) The chloroplast lipoids were analyzed in the chloroplast substance isolated by our Method 1 
[8]; 2) chloroplasts from bean seedling leaves, for experiments on fatty acid oxidation, were isolated by Method 
2 [8]; 3) for experiments on the synthesis of fatty acids, whole chloroplasts -were isolated from green cotyledons 
of sunflower seedlings and bean seedling leaves. The plant material was ground in a porcelain mortarin M/15 
potassium phosphate buffer at pH 6.0, made in 0.3 M sucrose solution. At pH 6.0 the plant cell nuceli are de- 
stroyed, which facilitates the isolation of chloroplasts. free from nuclei. The homogenate was pressed out in a 
linen cloth, and centrifuged four times for 3 minutes at 110 g to remove cell fragments and starch grains. The 
same could be achieved by filtration of the homogenate through No. 1 or 2 glass filters. The chloroplasts were 
isolated from the supernatant liquid by centrifugation at 700 g for 5 minutes, To remove possible contamination 
due to grana and fine grains of free starch, the chloroplasts were suspended in a buffer solution of the same com- 
position at pH 7.0 and centrifuged at 700 g. This yielded ~2% of total chloroplasts in the leaf. The isolation 
of chloroplasts was controlled by electron microscope and cytological observations. 


The lipoids in the chloroplast substance were extracted by organic solvents [6], and the fatty acid content 
of the lipoids was determined by the usual method [9]. 


The fatty acid synthesis in chloroplasts was studied with the aid of acetate labeled with C™ in the carboxyl 
group. Lipoids were extracted by Schneider's method [10], with anhydrous ethyl ether and 99.5% ethy! alcohol. 
The ether-soluble extracts were combined, evaporated, and then redissolved in a small amount of ether. Non- 
lipoid radioactive compounds were removed from the lipoid fractions by Katz and Chalkoff's method [11]. The 
lipoids were dissolved in hexane, dried, and their radioactivity was measured in ether solution. The fatty acids 
obtained from the combined lipoid fractions from several experiments were fractionated by Lehniger and Smith's 
method [12]. Higher fatty acids, with more than 10 carbon atoms in the chain, can be separated by this method. 
Oxidation of the higher fatty acids by chloroplasts was studied manometrically with the aid of Warburg's apparatus. 
Diphosphopyridine nucleotide was prepared from fresh yeast [13]. 
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TABLE J} TABLE 2 

Content of the Higher Fatty Acids in Chloroplast Incorporation of Labeled Acetate into Higher Fatty 

Lipoids Acids in the Lipoids of Chloroplasts Isolated jrom 
% of absolutely dry weight Sunflower Seedling Coty ledons 

Per 100 mg of the fatty acids 


Material Fatty acid content 


Experiment Activity, im ulses/imin. Incorporation 
Sugar beet 57.8 Pe 
Sunflower 48.8 


Red clover 60.0 = | 
43.3 

15310 49.6 

1075 26.2 

1340 21.4 


of acetate, 


For determination of free pantothenic acid, a 
suspension of chloroplasts (pH 6.2) was brought to the 
boil and centrifuged, and the liquid was used for analy- 
sis ; thymol was added to the samples as an antiseptic. For determination of the total pantothenic acid, anto- 
lysis of the chloroplasts was carried out by Marnay's method [14] at 37° for 16 hours at pH 6.2. with thymol as 
antiseptic. At the end of the autolysis the chloroplast substance was treated as in the analysis of free pantothenic 
acid. After sterilization in the autoclave, pantothenic acid was determined by a microbiological method with the 
use of the yeast organism Saccharomycodes Ludwigii K. M. [15]. 0.3 m1 of the supernatant liquid, corresponding 
to 0.6-0.8 mg of chloroplast nitrogen, was taken for each determination. The combined form of pantothenic acid 
was calculated in terms of CoA; 0.7 pg of combined pantothenic acid corresponds to 1 CoA unit [16;17]; pantothen- 
ic acid comprises 28.6% of the molecular weight of CoA [18]. 


Results 


Table 1 shows that 50-60% of the lipoid fraction of chloroplasts consists of higher fatty acids. 


The metabolic conversions of the higher fatty acids in animals and microorganisms have been studied. It 
has been shown that acetic acid is the most important intermediate product in the synthesis and oxidation of 
fatty acids [19-23]. The participation of acetate in the synthesis of fatty acids in chlorophyll-bearing tissues 
of plants is less clearly understood, 


According to Allison et al, [24] when the Nostoc seaweed is incubated with radioactive acetate, radioacti- 
vity of the alcohol fraction is first detected in the fats, Newcomb and Stumpf (25, 26] studied the synthesis of 
fatty acids in Arachis cotyledons during incubation with various fatty acids, glucose, and fructose, Acetate, glu- 
cose, and fructose produced respectively 22, 23, and 6% incorporation of labeled compounds in the fatty acids, 


In the case of the other substances investigated, not more than 1-3% of the isotope was incorporated in the fatty 
acid fraction. 


The participation of separate structural elements of the plant cell in fatty acid synthesis has not been studied. 
In order to determine whether fatty acid synthesis can occur in isolated chloroplasts, we carried out experiments 
in which chloroplasts isolated from green sunflower ‘cotyledons were incubated with acetate labeled with C™ in 
the carboxyl group. 


A suspension of the chloroplasts (40-60 mg calculated on the dry weight) was incubated for 3 hours with 
260 p M CH,C“OOK, pH 6.24. The volume of the mixture was 5 ml, In Experiments 1 and 2 the incubation 
medium had an activity of 10° impulses per minute, and in Experiments 3 and 4, 108 impulses per minute, The 
radioactivity readings for the lipoid fractions in the experiments were 270-350 impulses/minute. The radio- 
activity of the control (10-15 impulses/ minute), caused by insufficient purification of the lipoid fractions, was 
subtracted from the experimental values, 


The results of a number of experiments on the incorporation of acetate into the higher fatty acids of cotyle- 
don chloroplasts are shown in Table 2, These results show that higher fatty acids are synthesized from acetate 
in chloroplasts isolated from sunflower seedlings; 80% of the isotope incorporated into the lipoids was found in 
the higher fatty acids. In Experiments 1 and 2 the sunflower seedlings were grown in a greenhouse in the summer, 
while in Experiments 3 and 4 seedlings grown in winter under artificial illumination were used. This probably 
accounts for the difference between the amounts of acetate included in the chloroplast fatty acids. 


; 
a 
| 
| 
& 
in 
@ 
276 


TABLE 3 
Incorporation of Labeled Acetate in Higher Fatty Acids 
of Chloroplasts Isolated from Sunflower Coty ledons 
Per 60 mg of dry chloroplast material 
Variant Activity, imp./ 
min 


Chloroplasts + CH,C“OOK 
Chloroplasts + CHyC“OOK + ATP 
Control 


Chloroplasts + CH,C“OOK 
Chloroplasts + CHyC“OOK + ATP 
Control 


No differences in the amount. of acetate incor- 


porated in the fatty acids were found on incubation 
in the light and in darkness, 


Fatty acid synthesis in the animal organism takes 
place with the participation of ATP [19-21, 27}. In 
order to determine the influence of ATP on fatty acid 
synthesis in chloroplasts isolated from sunflower cotyle- 
dons, the chloroplasts were incubated with labeled 
acetate and ATP; 1 ml of the incubation medium con- 
tained 1 mg of ATP. Otherwise the conditions were 
the same as in Experiments 1 and 2 in Table 2. 


The results shown in Table 3 lead to the conclu- 
sion that ATP, at a concentration of 1 mg per 1 ml 
of the reaction mixture, has no effect on fatty acid 
synthesis in sunflower chloroplasts, 


Popjak and Tietz [19-21] showed that additions of ketoglutaric, oxaloacetic, or pyruvic acids to the incuba - 
tion medium stimulates fatty acid synthesis in the structural elements of animal cells. Our analogous experi - 
ments with sunflower chloroplasts did not give positive results. 


10 experiments were carried out on the synthesis of fatty acids by chloroplasts isolated from sunflower cotyle- 
dons, and all gave positive results, without a single exception. It should be noted that incorporation of acetate 
in the higher fatty acids of the chloroplasts does not occur in all plants. Completely analogous experiments with 
chloroplasts from bean seedling leaves gave negative results: no incorporation of acetate in the fatty acids was 


observed (in 4 experiments), 


Straub [28] showed that synthesis of the enzyme amylase in isolated mitochondria from the pancrease is much 
more rapid if the mitochondria are isolated in presence of ATP, which assists the preservation of the synthesis 
functions of the mitochondria during the fractionation process, 


During isolation of chloroplasts from bean leaves, 10-20 mg of ATP per milliliter of leaf homogenate was 
added. However, no synthesis of higher fatty acids from acetate in bean chloroplasts in vitro was observed when 


the plastids were prepared in this way. 


Sveshnikova's cytological results [29] show that the chloroplasts in sunflower cotyledons participate in syn- 
thesis of fats. The fact that fatty acids are synthesized in isolated chloroplasts from sunflower cotyledons but 
not in bean chloroplasts is evidence in favor of the enzymatic nature of the synthesis of higher fatty acids in sun- 


flower chloroplasts. 


The different behavior of the chloroplasts of the. sunflower, the metabolism of which is characterized by 
fat storage, and the chloroplasts of the bean — a plant which stores proteins in the seed — is probably explained 
by differences in the metabolism of these plants, The absence of fatty acid synthesis in bean chloroplasts may 
also be explained by absence of hitherto unknown cofactors in the system, 


Linolenic, linoleic, and oleic acids are the principal components of the fatty acid fraction of chlorophyll- 
bearing tissues of plants. Saturated fatty acids, among which palmitic and stearic acids have been identified, 


comprise 10-12% [30-32]. 


The figure shows the results of experiments on the oxidation of higher fatty acids by chloroplasts of bean 
leaves. The results obtained on the oxidation of unsaturated fatty acids show that lipoxidase takes part in the 
process; linoleic and linolenic acids are oxidized, which is also possible in oxidation of oleic acid. Oxygen 
absorption takes place by addition at the double bonds of the unsaturated fatty acids, Oxidation of the saturated 
palmitic acid shows that deeper changes occur in the carbon chains of the fatty acids during oxidation. Diphos- 
phopyridine nucleotide (6 mg of a preparation containing 30% DPN) and from 1 to 30 mg of ATP in the same 
manometric vessel had no influence on the oxidation of fatty acids by bean chloroplasts. 
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Lipoxidase was first discovered by Andre and 
Hou [33] in the soya bean, It was later found that 
this enzyme is widely distributed in the plant world 
[34-37]. Sisakyan [38, 39] showed that this enzyme 
is present in plastids. Plastids were shown to oxidize 
linoleic and linolenic acids. The chemistry of lino- 
leic acid oxidation has been discussed by Lundberg 
{40}. The work of Fakuba and Komaru [41] on dehy - 
drogenases of green soya beans indicates the pos- 
sibility that saturated fatty acids may be oxidized in 
chlorophyll tissues of plants. These authors showed 
that an extract of green soya beans possessed activity 
of the higher saturated fatty acid dehydrogenases: 


mg N 


i 4 60 
Time in minutes 
Fig. Oxidation of the higher fatty acids by bean 
chloroplasts: 1) Palmitic acid; 2) oleic acid; 3) 
linolenic + linoleic acid. 
The system contained 1.0 ml of chloroplast suspen - 


myristic, palmitic, and stearic. It was shown by New- 
comb and Stumpf [25], and by Humphreys, Newcomb, 
Bokman, and Stumpf [42] that saturated higher fatty 
acids are oxidized in microsomata isolated from non- 
chlorophyl! plant tissues, Soluble enzyme prepara - 
tions isolated from plant cell microsomata also had 
oxidase action [43, 44]. 


sion (3-4 mg N) placed in the side-tube of a War- 
burg manometric vessel before being mixed with 
the oxidation substrate; 2.0 ml of fatty acid suspen- 
sion in the main space of the vessel (acid concentra - 
tion in the system — 0.02M,pH 6.24); 0.2 ml of 20% 
KOH was placed in the central tube. Temperature 
25°, manometers warmed for 15 minutes. Each ex- 
periment in triplicate. Boiled suspension of chloro- 
plasts + buffer solution used for controls. The con- 
trol values have been subtracted from the results 
shown. 


A number of workers (see reviews [45, 46, 22]) 
have studied fatty acid metabolism with participation 
of coenzyme A (CoA) in animals and microrganisins. 
The idea that CoA may also participate in the synthe - 
sis and oxidation of fatty acids in plants appears very 
attractive, 


Kaplan and Lipmann [17] found 0.74 unit of CoA 
per 1 g raw weight in spinach leaves. Seifter [47]found 
CoA in the leaves of the cabbage, spinach, valerian, 
and Bryophyllum, The leaf tissues contained 4-10 units 
of CoA per 1 g of dry substance. In these investiga - 
tions CoA was determined by the ability of prepara - 
tions obtained from the plant tissues to bring about 
enzyme reactions for which CoA is necessary. 


TABLE 4 
Contents of Pantothenic Acid and Coenzyme A in 
Bean Chloroplasts 


Per 1 g of dry chlorplast material 
7 . The presence and distribution of CoA in separate 


: structural elements of plant cells has not been studied. 
Forms of | Pantothenic 


panto- acid, in 
thenic ug 


CoA, units 
Pantothenic acid is a component of CoA. In 

analysis of sugar beet chloroplasts we found 3.79 mg of 
acid pantothenic acid per 1g dry substance. However as is 
Free known from the work of Kaplan and Lipmann [17], a plant 
seni plant material may contain considerable amounts of pan- 
Total tothenic acid without any CoA. Only the pantothenic 
acid present in the organism in the bound form is a con- 
stituent of CoA. 


Results of determinations of various forms of pantothenic acid in bean chloroplasts, and the values calcula - 
ted in terms of CoA, are shown in Table 4. It is seen that bean chloroplasts contain 2.1 units of CoA per 1 g 
of the raw material, or 0.5 units per 1 g of raw chloroplast weight (containing 24% dry substance). These results 
are Close to the content of CoA in spinach leaves — 0.74 unit per 1 g raw weight, found by Kaplan and Lipmann 
{17] with the use of a totally different method. 


A number of papers (48, 49] report the presence in plants of enzyme systems which catalyze reactions pro- 
ceeding with participation of CoA. A future problem for investigation is the intracellular distribution of CoA, 
and the fatty acid metabolism with participation of CoA in the individual structural elements of plant cells. 
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SUMMARY 
Fatty acids comprise, on the average, 50% of the Jipoid content of chloroplasts. 


When chloroplasts isolated from sunflower seedling cotyledons are incubated with acetate labeled with CM 
in the carboxy] group, acetic acid is enzymatically incorporated into the fatty acids of the chloroplast lipoids, 
In analogous conditions, labeled acetate is not incorporated into chloroplast lipoids of bean seedlings. 


Chloroplasts are capable of oxidizing the following unsaturated fatty acids: linolenic, linoleic, and oleic, 
and also saturated palmitic acid. Bean chloroplasts were found to contain 2.1 units, or 5.1 pg of CoA per 1 g 
of dry substance. The authors acknowledge the help of V. 1. Biryuzova in the electron microscope investigations, 
and of N. A, Pomoshchnikova in microblological determinations of pantothenic acid. 
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OXIDASES OF THE ESSENTIAL*OIL PLANTS 
K. V. Pshenova 


A. N. Be!tn Institute of Biochemistry, Academy of Sciences USSR, Moscow 


It can now be considered as established that at the final stage of biological oxidation, in the oxidation of 
a respiratory substrate by molecular or peroxide oxygen, activation of oxygen as well as of hydrogen is necessary. 
This oxygen activation is effected by means of oxidases which are sometimes termed the "'terminal oxidases” 
{1}, or “enzymes of the final'stage of biological oxidation [2]. This enzyme group includes cytochrome oxidase. 


polyphenol oxidase, ascorbic acid oxidase, and a number of flavin enzymes, which have recently been also 
shown to contain metals [3]. 


Not one, but several oxidase systems, by means of which this terminal act of the respiratory process is 
effected, function in plant and animal organisms [4]. Different oxidation systems prevail at different stages of 
process. For example, in the respiration of animal tissues the cytochrome system is of predominant significance, 


but a considerable part of the respiratory process is effected by means of other oxidation systems, mainly of a 
flavoprotein character. 


It was long believed that respiration of plant tissues is effected exclusively by means of a polyphenolase 
system [5,6]; but recently some authors [7] have attached great importance to the cytochrome system in plant 
respiration, while others believe that the ascorbic acid oxidase system occupies the most important position in 
plant respiration [8]. Since plants have not one, but several respiratory routes, it is not possible to speak of the 
exclusive significance of any one oxidation system in this process; a particular system may merely predominate 
in a given plant, at a definite stage in its development, or even in some particular organ. 


A number of investigators, including Mikhlin and Kolesnikov [4], Mikhlin and Pshenova {9], and Kryukova 
[10], have shown that the cytochrome system prevails only in the early stages of plant development, and gives 
was to another oxidation system in the subsequent stages. For example, Mikhlin and Kolesnikov [4] have shown 


that in barley the cytochrome system gives way to flavin enzymes, and in most other plants to a polyphenolase 
system, which is most prevalent in them. 


Thus, the predominance or significance of a particular oxidase system in plant respiration remains de- 


batable, and broader and more detailed studies of oxidation systems in various plants are needed to Clarify this 
question. 


The oxidases of the essential-oil plants have been studied very little. Neverthless, study of the oxidases 


of essential-oil plants is of special interest as considerable amounts of reduced substances; carbohydrates, alco- 
hols, and aldehydes, are stored in such plants. 


The present paper contains the results of an investigation of the oxidases of coriander and peppermint, 
which are very common and practically important essential-oil plants. 


EXPERIMENTAL 


Methods 


The oxidative enzymes of coriander seedlings were studied with the use of material obtained by germ- 
ination of the seeds in sand under laboratory conditions, and also with plants grown in the experimental plot 


Abe 
| 
ae 
: 
> 
aa 
281 
4 


of the Institute of Biochemistry in the summers of 1953 and 1954, The coriander seeds were sown and the mint 
cuttings planted on April 25. The oxidase activity was determined manometrically in Warburg's apparatus with 
additions of the appropriate substrates to a macerated suspension of the material; cytochrome C and hydroquinone 
for cytochrome oxidase, pyrocatechol or hydroquinone for polyphenol oxidase, ascorbic acid for ascorbic acid 
oxidase. The suspensions were made in phosphate buffer solutions at pH 6.8; 1:10 concentration for coriander, 
and 1;20 for mint. The experiments were carried out at 25°, 


1. The Coriander Oxidases_ 


Cytochrome oxidase 


Table 1 shows the results of determinations of cytochrome oxidase activity at various stages in the devel- 
opment of coriander. The experimental conditions were; 2 ml suspension + 4 mg hydroquinone. 0.5 ml cyto- 
chrome C solution (1.43 mg), and 0.3 ml of 20% KOH solution in the inner beaker for CO, absorption. The 
total volume was 5.3 ml. In the case of seedlings, the amounts of O, in microliters are calculated per 0.2 g 
raw weight, and for the other tissues, per 100 mg dry weight. 


TABLE 1 


Activity of Coriander Cytochrome Oxidase 
In microliters O, per hour 


Composition of mixture Original seeds Seedlin s | Field plants lGreen seeds 
| old 10-day ol leaves | whole} roots 2 7/18 
6/11)}roots | cm from 


Suspension | 18,4 | 25,6 ke "76,0 


Suspension + hydroqui- | 
none 20.6 | 40.5 |509.9 {41.4 
Suspension + hydroqui- 


none + cytochrome C 86.3 |319.8 


Suspension + pyrocate- | | 
chol | | os 


| 

Table 1 shows that addition of cytochrome C to a suspension made from the ground original seeds, together 
with hydroquinone, increases oxygen absorption, which indicates the presence of cytochrome oxidase in the 
original coriander seeds, but they also contain polyphenol oxidase, as addition of pyrocatechol also produces 
some increase of oxygen absorption. Active cytochrome oxidase is present in coriander seedlings, especially at 
7 days of age. It is less active in 10-day seedlings, which begin to show polyphenolase activity, as hydroquinone, 
even in absence of cytochrome C, is oxidized more rapidly than in the }-day seedlings. This confirms the 
findings of Mikhlin and Kolesnikov [4], Mikhlin and Pshenova [9], and others, that the cytochrome oxidase system 
predominates during the early stages of development. Cytochrome oxidase is not found in the leaves and roots 
of plants grown in field conditions, but they contain active polyphenol oxidase, as hydroquinone is rapidly ox- 
idized, while addition of cytochrome C not only fails to increase oxygen absorption, but, on the contrary, has 
an inhibiting effect on the oxidation of hydroquinone. This inhibiting effect may be due to the action of hydroqui- 
none, oxidation products, as was shown in the experiments of Mikhlin and Pshenova [11]. 


Cytochrome oxidase was also determined in various parts of coriander seedlings grown in laboratory con- 
ditions during December. The results are shown in Table 2, The seedlings used in the experiments were taken 
on the 8th to 13th day after sowing. In view of the slow germination of the seeds at that time of year, younger 
seedlings could not be used. The experimental conditions were the same as those in Table i, Table 2 shows 
that cytochrome oxidase is present in all parts of coriander seedlings, and the activity is highest in seedlings 
7-8 days old. Considerable oxidation of hydroquinone takes place in the leaves even without addition of cyto- 
chrome C, which indicates the presence of polyphenolase in addition to cytochrome oxidase. 
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TABLE 2 


Cytochrome Oxidase Activity in Various Parts of Coriander Seedlings 
In microliters O, per 100 mg dry weight in 1 hour 


Composition of mixture Whole seedlings, ~ T Leaves with Leaves,| Petioles, | Whole roots, 9 days 
T-8 days petioles, 9 13-14 | 13 days 
days days 
Exper i- Experi - 

Suspension 32.5 
Suspension + hydroquinone | 150.2 
Suspension + hydroquinone 

+ cytochrome C 222.0 
Suspension + hydroquinone 

+ diethyldithiocarbamate| — 


Thus, these results lead to the conclusion that in the early stages of development of coriander, as in many 
other plants, respiration is mainly effected by means of a cytochrome oxidase system. The presence of poly- 
phenolase in the seedling leaves is demonstrated by the experiment with diethyldithiocarbamate, which is a 
specific inhibitor for this enzyme. Addition of 5 mg to the reaction mixture decreases the reaction by 57%. 


Polyphenol oxidase of coriander 


The polyphenol oxidase activity in coriander was determined at different stages of development and in 
different organs; leaves, inflorescences, seeds, roots. Plants grown on the experiment plot of the Institute of 
Biochemistry were used. The experimental conditions were; 2 ml suspension + 4 mg pyrocatechol or 4 mg hydro- 
quinone, 0.3 m1 of 20% KOH in the inner beaker; total volume 5.3 ml. The results of these experiments are 
shown in Table 3, They indicate the undoubted presence of active polyphenol oxidase in coriander at all stages 
of development, and the activity increases during the vegetative process. For example, the activity in the in- 
florescences is more than twice as high as in the leaves. The fact that hydroquinone is oxidized more rapidly 
than pyrocatechol in coriander leaves and inflorescences may be attributed either to the presence of cytochrome 
oxidase which acts on its own cytochrome, or to the presence of laccase (p- polyphenol oxidase), which was found 
by Smirnov and Pshenova [12] in tobacco leaves. 


TABLE 3 


Activity of Polyphenol Oxidase at Various Stages of Development of Coriander 
In microliters O, per 100 mg dry weight in 1 hour 


Composition of mixture Original Inflorescences | Green seeds| Roots. 
6/24 | 6/27 7/6| 7/15 | 7/18 7/21 (6/3 | 6/10 1/3 
whole, 2cm |whole 
from 


end 


Suspension 56.7 | 57.6 20.81 33.3 
Suspension + pyrocat- | 

echol 261.5 (291.1 789.3 | 696.9} — (162.4 |107.6 
Suspension + hydroqui- 

none 376.4 |384.0 698.9 |500.0 | 398.0) 40.5] 49.6 | 37.2 
Suspension + pyrocat- 

echol + hydroquinon 298.6 | ee 
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It must be pointed out that the oxidation of pyrocatechol is very rapid. Most of the oxygen is absorbed 
during the first 15-20 minutes of the experiment, and the absorption then drops sharply. The oxidation of hydro- 
quinone proceeds gradually during the whole hour. Although the absorption of O, in leaves and inflorescences 

in the presence of pyrocatechol is less than in the presence of hydroquinone, it is still enough to indicate the 
presence of o- polyphenol oxidase, which is generally widely distributed in plants, in these organs, . Pyrocatechol 
is oxidized more rapidly in green unripe seeds and roots; this is particularly prominent-in the experiment with 
roots, in which the oxidation of pyrocatechol is 3 times as great as that of hydroquinone, 


TABLE 4 


Effect of Semicarbazide, Cysteine, and Serum Albumin on the Activity of Polyphenol Oxidase in Coriander 
Leaves 
In microliters O, per 0.2 g raw weight in 1 hour 


Composition of mixture 


Experiment 1 Experiment 2 Experiment 3 


Suspension 

Suspension + pyrocatechol 

Suspension + pyrocatechol + 
semicarbazide 

Suspension + pyrocatechol + 
cysteine 

Suspension + pyrocatechol + 

albumin 


The protective action of hydroquinone on the polyphenolase system, which had previously been observed 
[11] in experiments with other plants, is not found in coriander leaves. Other reducing substances, such as 
semicarbazide, cysteine, and serum albumin, capable of combining with the quinoid substances formed during 
the action of polyphenol oxidase, were tried. The results of these experiments are shown in Table 4. The ex- 
perimental conditions were; 2 ml coriander leaf suspension + 5 mg semicarbazide or 5 mg cysteine or 5 mg 
serum albumin; total volume 5.3 ml. The semicarbazide was used in the form of the hydrochloride, neutral- 
ized by dilute NaOH before the experiment. It was found that semicarbazide, cysteine, and serum albumin 
do not have a protective effect on coriander polyphenol oxidase; on the contrary, these substances decrease the 
amounts of O, absorbed. Cysteine, as was to be expected, inhibited the action of polyphenol oxidase owing to 
its capacity of reacting with copper. The inhibiting action of semicarbazide and albumin may be explained 
by the binding of quinones, the first reaction products, which are thereby protected against secondary non- 
enzymatic action. Thus even if semicarbazide, cysteine, and albumin did have a protective effect, it would 
be counterbalanced by a decrease of the total oxidation which includes non-enzymatic oxidation reactions. 


Oxidation of ascorbic acid 


The oxidation of ascorbic acid was studied by a manometric method in Warburg's apparatus. The ascorbic 
acid was neutralized by dilute NaOH solution before use. The experimental conditions were; 2 m1 suspension 

+ 4.4 mg ascorbic acid, 0.3 m1 of 20 % KOH in the inner beaker; total volume 5.3 ml. A boiled suspension with 
added ascorbic acid was used for the controls. The results are shown in Table 5. These results show that ascorbic 
acid is vigorously oxidized by suspensions of macerated tissues of various organs of coriander. The greatest ox- 
idation was found in the roots, where it is twice as great as in the leaves and inflorescences. These results in- 
dicate that ascorbic acid plays an important part in the respiration of coriander, especially of the roo's. 


Cyanide at 0,002 M concentration inhibits the oxidation of ascorbic acid by the roots by 90-91.7%, but 
this concentration did not have any inhibiting effect on the inflorescences, and even at 0.02 M concentration 
the process was only inhibited by 65%. 
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TABLE 5 


Oxidation of Ascorbic Acid by Various Tissues of Coriander at Different Stages of Development 
In microliters O, per 100 mg dry weight in 1 hour 


Composition of mixture Roots, 2cm from end 


Suspension 
Suspension + ascorbic acid 869.0 
Boiled suspension + asbor- 


763.0 |612.9 


bic acid 69.4 107.5 29.5 
Suspension + ascorbic 

acid + KCN 38.4 105.6 |214.9 ae 94.7 123.8 
Inhibiting effect ,% 61.1 - 91.7 90.0 


2. The Oxidases of Peppermint _ 


Mateiial grown on the experimental plot of the Institute of Biochemistry was used for determinations of 
peppermint oxidases. Leaves from the two top layers, and also buds and inflorescences, were used for the ex- 
periments. 


Cytochrome oxidase 


The results of determinations of cytochrome oxidase activity in various tissues of the peppermint are shown 
in Table 6, It is seen that cytochrome oxidase is not found either in the young leaves during the early develop- 
ment stages, nor in the reproductive organs ~ buds. Addition of cytochrome C does not intensify oxidation of 
hydroquinone, but even retards it somewhat, as was also found in the case of green coriander seeds. The mech- 
anism of this retardation is not clear. 


TABLE 6 


Activity of Peppermint Cytochrome Oxidase 
In microliters O, per 100 mg dry weight in 1 hour 


Composition of mixture 


Buds, 7/ 22 


Suspension 
Suspension + hydroquinone 1849.3 
Suspension + hydroquinone + 

cytochrome C 1534.1 


Peppermint polyphenol oxidase 


The results of determinations of peppermint polyphenol oxidase are shown in Table 7, The experimental 
conditions were; 2 ml suspension (1:20) + 4 mg pyrocatechol or 4 mg hydroquinone + 0.3 m1 20% KOH in inner 
beaker; total volume 5.3 ml. The results of experiments made on plants grown in 1954 were exactly similar 
to the results for 1953 plants. 


The data in Table 7 indicate very high polyphenol oxidase activity in peppermint during the entire veg- 
etative period in the different organs. Hydroquinone was also oxidized, but the oxidation ‘was 3-5 times weaker 
than the oxidation of pyrocatechol. The buds oxidize hydroquinone twice as much asthe leaves, It may be 
that hydroquinone is oxidized by means of a cytochrome system which is not detected on addition of cytochrome 
C, but may perhaps be present in the reproductive organs; it is also possible that hydroquinone, as a reducing 
agent, has the protective effect on the polyphenol oxidase system which was discussed earlier. This second 
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TABLE 7 


Activity of Peppermint Polyphenol Oxidase 
In microliters O, per 100 mg dry weight in 1 hour 


Composition of mixture | |uflorescences 
| 6/20 


Suspension 97.5 150.3 
3567.7 | 3507.6 
Suspension + hydroquinone} 312.2} 639.0 5646 | 1849.3 
Suspension + pyrocatechol 
+ hydroquinone 5030.3 


suggestion is confirmed by the experiment with leaves, of 6/.20, in which the amount of absorbed oxygen in the 


oxidation of pyrocatechol was much greater in presence of hydroquinone than when hydroquinone had not been 
added. 


It must be pointed out that, as in the case of coriander, oxidation of pyrocatechol takes place mainly 
during the first 15-20 minutes; it then decreases sharply and is largely completed by the end of the first hour; 
during the first hour of the experiment 3567.7 microliters of O, was absorbed per 100 ml of dry substance, while 
during the second hour the amount was only 217.1 microliters of O,. 


As has been stated, peppermint contains a very active polyphenol oxidase. the activity of which is far 
higher than the activity of the polyphenol oxidase of the outer layer of potato tubers, which is the classical 
material for the preparation of highly active polyphenol oxidase; thus, according to our data, the activity of 
potato polyphenol oxidase is 2112.1 microliters of Og per hour per 100 mg dry weight, and of peppermint ox- 


idase it is 3435.1, or 62% higher. The activity of peppermint leaf polyphenol oxidase is 14 times as high as 
the activity of the coriander leaf oxidase. 


TABLE 8 


Effect of Semicarbazide on the Activity of Peppermint Leaf Polyphenol Oxidase 
(in microliters of O, per 0.1 g raw weight in 1 hour) 


Composition of mixture Experiment 1 Experiment 2 


Suspension 25.2 
Suspension + pyrocatechol 548.0 
Suspension + pyrocatechol + semicarbazide 344.0 
Suspension +-semicarbazide = 


To investigate the protective effects of other reducing agents on the polyphenolase activity in pepper- 
mint leaves, experiments were also carried out with additions of cysteine, semicarbazide, and serum albumin. 
The results of these experiments are given in Tables 8-10, 


As in the case of coriander, semicarbazide does not have a protective effect on the activity of pepper- 
mint leaf polyphenol oxidase; the amount of O, absorbed in presence of semicarbazide is considerably less than 
in its absence. To determine the causes of the inhibiting action of semicarbazide on peppermint polyphenol ox- 
idase, longer experiments were carried out with half the quantity of pyrocatechol, so that it would be completely 
oxidized by the end of the experiment. The results of these experiments are shown in Table 9. The experiment- 
al conditions were: 2 ml suspension of peppeimint leaves + 2 mg pyrocatechol + 5 mg semicarbazide. It was 
found that semicarbazide has an inhibiting effect on polyphenol oxidase activity in peppermint leaves only dur- 
ing the 1st hour. Later it intensified O, absorption, Therefore, at the end of an experiment lasting 3 hours the 
amount of absorbed oxygen is increased by addition of semicarbazide. This once again indicates the complex nature 
of the enzymatic oxidation of polyphenols, and the role of the intermediate oxidation products in the process. 
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TABLE 9 


Effect of Semicarbazide on the Activity of Peppermint Leaf Polyphenol Oxidase(Duration of experiment 3 hours). 
In microliters O, per 0.1 g raw weight 


Composition of mixture 


1st hour | 2nd hour 3rd hour Total in 3 hours 
Suspension | 30.2; 23.5 A; 3.4 10.8; 13.1 54.4; 40.0 
Suspension + pyrocatechol 455.0; 404.8 <tc. 2Q8 17.4; 13.7 497.1; 437.6 
Suspension + pyrocatechol 
+ semicarbazide 407.5; 371.8 -0; 180.2 39.6; 24.9 613.1; 577.0 
Suspension + semicarbazide 26.1; 21.5 9; 4.2 8.4; 9.1 42.5; 34.8 


The results of 3-hour experiments with double the amount (10 mg) of semicarbazide were similar to the results 
of the experiments in which 5 mg was used; in 3 hours without semicarbazide 406.2 microliters of O, was ab- 
sorbed, while on addition of 10 mg of semicarbazide 492,9 microliters of O, was absorbed, per 0.1 g raw weight. 


Table 10 shows the results of experiments on the influence of cysteine and serum albumin of peppermint 
leaf polyphenol oxidase. The experimental conditions were; 2 ml suspension + 4 mg pyrocatechol + 5 mg cysteine 
or 5 ml serum albumin; total volume 5.3 ml. These results show that, as in the case of coriander, cysteine in- 
hibits the action of polyphenol oxidase. Albumin has a small favorable effect during the 1st hour; during the 
second hour the absorption decreases; the total result of a 2-hour experiment is a small decrease of O, absorption. 
In the case of coriander this inhibiting effect of albumin already appears during the 1st hour of the experiment. 


TABLE 10 


Effect of Cysteine and Serum Albumin on the Activity of Peppermint Leaf Polyphenol Oxidase 
In microliters Og per 0.1 g raw weight 


Composition of mixture 1st hour | 2nd hour Total in 2 hours 


With cysteine 


Suspension | 24.5 
Suspension + pyrocatechol | 433.1 
Suspension + pyrocatechol + cysteine 285.0 
Suspension +cysteine 12.8 


With serum albumin 


Suspension 44.0 
Suspension + pyrocatechol 417.1 
Suspension + pyrocatechol + albumin 440.4 
Suspension + albumin i 25.9 


Oxidation of ascorbic acid by peppermint 


Material obtained from the experimental plot of the Institute of Biochemistry was used for studies of the 
oxidation of ascorbic acid at various stages of development of peppermint. The experimental condit‘ ons were: 
2 ml suspension + 4.4 mg ascorbic acid (0.5 ml of neutralized solution); 0.3 ml 20% KOH in the inner beaker; 
total volume 5.3 ml. The results are shown in Table 11. 


The results in Table 11 show that ascorbic acid is vigorously oxidized by various organs of the pepper- 
mint during the entire vegetative period. However, ascorbic acid may be oxidized either direct by ascorbic 
acid oxidase, or by a secondary route, through other enzymesystems. It is difficult to say by which route 
ascorbic acid is oxidized in the present instance. Cyanide in 0.002 M concentration decreases the oxidation 
of ascorbic acid by leaf suspension by 55.8%; in the case of buds it decreases oxidation by only 68.2% even at 
0.02 M concentration, 
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TABLE 11 


Oxidation of Ascorbic Acid by Peppermint at Various Stages of Development 
In microliters O, per 100 mg dry weight in 1 hour 


Buds | Inflores- | Inflorescences 
cences with seeds 


Suspension 56.6 13.4 97.5 
Suspension + ascorbic acid 753.3 997.1 1002.10 


| 123.9 - 83.5 

Boiled suspension + ascorbic 

| 


1267.9 1021.0 | 1216.7 


acid 105.9 407.2 159.9 
Suspension + ascorbic acid + 

KCN 333.0 
Inhibiting effect, % 55.8 


202.5 109.9 317.3 


| 324.2 
68.2 
SUMMARY 


Cytochrome oxidase has been found in 8-10 day coriander seedlings. It could not be detected in the leaves 
and roots of the adult plant , or in the leaves and buds of peppermint. In these cases addition of cytochrome C 
even decreases Og absorption. During the vegetative period coriander and peppermint contain a highly active 
polyphenol oxidase, particularly peppermint. It is possible that coriander leaves and inflorescences contain a 
specific p- polyphenol oxidase. Pyrocatechol is oxidized more than hydroquinone in green,, unripe seeds and 
roots of the coriander; the resting seeds were found to have a weak polyphenol oxidase activity. Various sub- 
stances which form compounds with quinones were tried as means of protection of polyphenol oxidase against 
inactivation. It was found that semicarbazide, cysteine, and serum albumin weaken the action of coriander 
polyphenol oxidase. Semicarbazide decreases the O, absorption by peppermint during the first hour, but after this 
it stimulates pyrocatechol oxidation. Cysteine inactivates peppermint polyphenol oxidase. Serum albumin has 
a weak protective effect during the first hour. 


Ascorbic acid is vigorously oxidized by the tissues of various organs (especially roots) of coriander and 
peppermint. 


I offer my deep gratitude to Prof. D. M. Mikhlin for his constant guidance and advice during the present 
work, 
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SOME DATA ON PEPTIDE UTILIZATION IN PROTEIN S¥NTHESIS 
Zh. A. Medvedev 


Chair of Agronomic and Biological Chemistry, the K. A. Timiryazev Agricultural 


Academy, Moscow 


The transition from amino acids to a specific macromolecule can hardly occur in a single stage. The 
possibility is not excluded that the various peptides which are always present in small amounts in plant and 
animal tissues are intermediate products in this process. 


The concept of thesingle-stage character of protein synthesis has been developed mainly by the supporters 
of the so-called "matrix" theory of protein synthesis. However, this concept is not supported by any very con- 
vincing facts. Bresler [1] has put forward a number ot arguments in favor of the one-step mechanism of protein 
synthesis. However, these are based on the results of his experiments on the re-synthesis of proteins under pressure 
from relatively large and specific peptide fragments, that is, products of an intermediate nature. Increasing 


amounts of evidence in support of direct utilization of peptides in protein synthesis have accumulated in the 
biochemical literature during recent years [2-10]. 


It is of course obvious that one condition for the direct utilization of peptides is that they should contain 
amino acid residues in an arrangement which corresponds to definite regions in the molecule of a given tissue 
protein. Therefore, in studies of the synthesis of a tissue protein, peptides formed by incomplete decomposition 
of the same protein should be used. In such conditions it is easier to determine the natural course of the syn- 
thesis than with the use of the decomposition products of a different protein or of synthetic peptides. The present 
paper contains the results of some investigations made on thesé lines, with theuse of plants and yeast (Sacchar- 
omyces cerevisiae) with the aid of c'*. labeled complete and incomplete hydrolyzates of proteins. 


METHOD 


The method used is based on an observation made by Yuile et al. [9]. In studies of dog plasma proteins 
labeled with C"* in the lysine residue they found that when dogs are fed these proteins, which are split in the 
digestive tract into the amino acids and enter the blood as amino acids, considerable amounts of C' are found 
in the expired air. When labeled plasma proteins were injected direct into the blood stream, the amount of 
Cc’ exhaled as C!0, was small, while active "incorporation" of radioactive lysine into the tissue proteins took 


place. This result ledthe authors to the conclusion that plasma proteins are not split completely during assim- 
ilation. 


Quite obviously this principle may be applied not only to labeled proteins but to labeled peptides. cc 
labeled peptides, if utilized direct in protein synthesis, should give up their radioactive carbon in oxidative pro- 
cesses to a lesser degree than free amino acids, which readily participate in oxidation and decarboxylation pro- 
cesses. By determination of the ratio of the C™ contents in the tissue proteins and in the carbon dioxide given 
out during respiration ,after introduction of amino acids or peptides into the tissue, it is possible to determine 
what fraction of the peptides is used direct, without being completely hydrolyzed. 


Preparation of C'- labeled plant and yeast proteins, The first experiment was carried out with the use of 
young spring leaves of the perennial leguminous plant Galéga orientalis, 
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About 200 g of the freshly cut leaves were placed under a hermetically sealed glass bell jar into an 
atmosphere saturated with water vapor, into which 2 millicurie of CO, was then introduced. After exposure 
to light for 24 hours at 15-16° the leaves were quickly frozen to destroy the cells, and macerated with 0.3% NaOH. 
The suspension was shaken for two hours, and small insoluble particles were removed by filtration through gauze 
and centrifuging. The proteins in the liquid were precipitated with trichloroacetic acid (final concentration 5%), 
washed in the centrifuge with hot (90-95 ) 5% trichloroacetic acid to remove soluble compounds and nucleic acids, 
and lipids were removed by repeated extraction with acetone, hot alcohol and ether. The proteins were then 
dissolved and reprecipitated in presence of unlabeled hydrolyzate to displace adsorbed amino acids: treated with 
diastase to remove starch, and dried with alcohol and ether, to yield a pale green powder containing 14% nitrogen. 
The radioactivity of the protein was 38,100 impulses/ minute per 1 mg of protein N. The total amount of labeled 
protein isolated from the leaves was 4.4 g. 


The second experiment was carried out with pea leaves; c'- labeled protein was obtained from these leaves. 
The method of preparation of the labeled protein was the same as before, except that not 2 but 1 millicurie of 
co, was introduced under the bell jat_ nd the temperature during the light exposure was 24-25*. About 4 g 


of protein containing 13.5% nitrogen, with a radioactivity of 15,200 impluses/ minute per 1 mg of protein nitrogen, 
was isolated from pea leaves. 


In the third experiment, with yeast, c- labeled yeast protein was used, prepared as follows. To a culture 
medium containing 1.5% sucrose, 0.3% KH2PO4 0.1% (NH4)2SO, 0,05% MgSO, and 20% yeast water (obtained 
by boiling 20 g of dry yeast in 1 liter of water),50 g of pressed yeast, and 10 mg of tyrosine labeled with C’* in 
the carboxyl group, with a total activity of 0.25 millicurie, was added. The yeast was cultivated for 8 hours 
under aerobic conditions, with a continuous stream of air drawn through by means of a water jet pump. The air 
was first passed through a system for absorption of carbon dioxide, Calculations showed that ~ 60% of the original 
tyrosine radioactivity is found in the carbon dioxide and only 40% in the yeast culture proteins. At the end of the 
cultivation the yeast was washed to remove the medium; proteins were extracted from it by cold alkaline extract- 
ion, precipitated by trichloroacetic acid, and washed to remove nucleic acid and lipids, as for the leaf proteins. 
The total amount of yeast protein obtained was ~ 6 g, with a radioactivity of 12,080 impluses/ minute per 1 mg N. 


Preparation of complete and incomplete hvdrolyzates of labeled proteins and determination of the average 
size of the peptides formed. In all cases the complete hydrolyzates were obtained vy 24-hour boiling of the 
proteins with 20 volumes of 6 NHC1 followed by repeated evaporation of the hydrolyzate on the water bath to 
remove HCl . and dialysis of the insoluble products. The incomplete hydrochloric acid hydrolyzate of protein 
from Galega orientalis leaves was obtained by the action of 6 N HCl o9n the protein at 37° for 40 hours followed 
by removal of HCl under vacuum. Pancreatin hydrolyzates of leaf proteins were prepared by the action, in a 
weakly alkaline medium, of commercial pancreatin for 24 hours (in presence of thymol) followed by dialysis 
through cellophane. The dialyzed fraction was collected, evaporated to a definite volume, and used for the 
infiltration. Commercial pepsin gave a very low yield of dialyzable products from leaf proteins, and therefore 
only pancreatin hydrolyzates were used in the plant experiments. Pepsin hydrolyzate was only used in the 
experiment wi‘) yeast; it was prepared bythe action of commercial pepsin on yeast protein for 24 hours in a 
medium containing 0.4% HC1. Only the dialyzable fraction of the pepsin hydrolyzate was used for the ex periment. 
Dialysis of the pepsin and pancreatin hydrolyzates was necessary, as the non-dialyzed hydrolyzate, after removal 
of all insoluble matter, contains labeled fragments of high molecular weight which are precipitated by CCl ;COOH 
together with protein and give high results in the radioactivity determinations. The results of the preliminary 
experiments, in which non-dialyzed hydrolyzates were used, differed appreciably from the experiments with the 
dialyzed fractions. 


Total nitrogen was determined by the Kjeldahl] method and free amino nitrogen by the Van Slyke method 


in the hydrolyzates, and the average molecular size of the peptides in the hydrolyzates was calculated from the 
difference. 


Experimental procedure and determinations of radioactivity. The labeled protein hydrolysis products were 
introduced into the leaves by vacuum infiltration. The protein hydrolyzates in the first experiment contained 


0.6 mg total N per ml, and hydrolyzates of pea protein, 1 mg N per ml. The total N and radioactivity contents 
of the hydrolyzates were equalized before the start of infiltration, and the filtrates were mixed with phosphate 
buffer solution at pH 6.8 in the experiment with galega and pH 6.4 in the experiment with the pea plant. The 
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final concentration of the buffer solution was 0.15 M, 10 g of leaves was used in each infiltration. Each exper- 
iment was carried out in triplicate. After infiltration of the solution the leaves were quickly dried with filter 
paper and a current of air, and suspended in liter flasks over NaOH solution for absorption of the carbon dioxide 
given out by the leaves. The air which entered the flasks in place of the oxygen absorbed during respiration. was 
free from CO,. The flasks were placed in the dark, as in the light the carbon dioxide evolved is used in photo- 
synthesis processes. The experiments with Galega orientalis leaves were carried out at room temperature; the 
experiments with pea leaves and yeast at 37°. The exposure time after infiltration was 15 hours in the exper- 
iment with galega and 4 hours in the experiment with pea leaves. 


At the end of the exposure period, the carbon dioxide absorbed by the alkali was precipitated by barium 
chloride. The BaCOg precipitate was washed with water and alcohol, dried, and used for radioactivity deter- 
minations. The proteins were extracted from the leaves by the method described above. In the experiment with 
yeast the labeled hydrolyzates were added to the culture medium, where they were the sole source of nitrogen. 
The medium contained 0.5% sucrose, phosphates, potassium and magnesium salts, and trace elements. Yeast 
water was not added to the medium. In each experiment. 0.5 liter of medium was placed in a flask, followed 
by 8 g of pressed yeast and one of the labeled proteolyzates in a quantity corresponding to 28 mg total N. The 
cultivation was in aerobic conditions, with air drawn through the constantly shaken flask. The air which entered 
the culture was first passed through an absorbent system containing 10% NaOH to remove carbon dioxide, The 
carbon dioxide formed in respiration of the yeast cells (fermentation is suppressed in aerobic conditions) was 
also absorbed by alkali. The cultivation periods were 30 and 60 minutes. The activity in the proteins and the 
BaCQ, precipitate was determined. The radioactivity was determined by means of a BFL plane face counter 
with a window area of 4.5 cm*, The dry protein powders and BaCQ, precipitates were spread in a thick layer 
in brass basins having bottom area also 4.5 cm’, at a distance of 0.4 cm from the window of the counter. Radia- 
tion from radioactive carbon has low energy, and therefore the specific radioactivity of its preparations can only 
be determined in very thin layers of substance (of the order of 2-3 mg per cm?) distributed perfectly uniformly 
over the target surface. It is difficult to obtain protein preparations of this type, and therefore, in order to obtain 
comparable results, the radioactivity of C-labeled proteins should be measured in thick layers, when it is only 
important to ensure that the surface areas of the preparations should be equal. In such cases the radioactivity of 
some definite weight of protein on the surface is measured; radiation from the lower layers is completely retained 
by the upper layer. For calculation of the activity in terms of a given tir of protein, the variation of the 
activity of a uniform precipitate of BaC 140, with a surface area of 4. Sem? with weight of the precipitate was 
plotted graphically. The activity in this case ceased to increase at 70 mg per 4.5 cn?, and was linear only for 
the first 10 mg. In our experiments the precipitates weighed 100 mg. To calculate the radioactivity values 
obtained from the surfaces of these precipitates for 10 mg of protein, the counter readings were multiplied by 
the correction factor 0.472, calculated from the ratio of the radioactivities of 10 and 100 mg of uniformly : 
spread BaC'‘0, precipitate. 


RESULTS 


The results of the experiments areshown in Tables 1 and 2, 


Table 1 shows that peptide fragments infiltrated into leaves are utilized in protein synthesis almost to the 
same extent as free amino acids. In the experiment with pea leaves the utilization was even better than that of 
amino acids. However, they are utilized much less as sources of oxidation processes (nearly twice in the exper- 
iment with galega and 4 times in the experiment with pea leaves). An interesting fact is that this does not apply 
to the mixture of peptides obtained by the action of HCl and not by enzyme action. It is very likely that pep- 
tides of enzymatic origin correspond more closely to natural intermediate products, while acid hydrolysis of pro- 
tein yields a fortuitous range of peptides, which must be hydrolyzed to amino acids before -utilization, 


In the experiment with yeast the ratio between the radioactivity found in the protein and in the carbon 
dioxide is also strongly shifted in the direction of the protein during assimilation of labeled pepsin hydrolyzate, 
but the total rate of peptide utilization, relative to that of free amino acids, is much lower in this case (2,5-4 
times lower in protein synthesis and 5-8 times in oxidation). In our view this is caused by the slower penetra- 
tion of the larger peptides into the yeast cell and not by difficulties in the utilization of the peptides, already 
in the cell, for protein synthesis. The penetration of peptides into the plant cell was facilitated in our exper- 
iments by means of infiltration. 


q 
Fat 
ag 
ay 
& 
ite 
es 
293 


TABLE 1 


Utilization of C!-Labeled Complete and Incomplete Hydrolyzatcs of Proteins From the Leaves of Galega orientalis 
and the Pea (Pisum sativum) as Substrates for Protein Synthesis and Respiration 


Activity of rotein jinp./min, Activity of BaCOs, imp./min._ 

per 10 mg | total from) ratio, | per 10 mg) total BaCO, | ratio, 
10 gof |% ‘precipitate | % 
leaves {in each 


| 
Experiment with Galega orientalis (exposure 15 hours) 


Complete hydrolyzate 2044 5 124444 305 ‘100 | 2954 8 206503 560 
Incomplete hydrochloric acid hydrolyzate 
(average peptide size — 2.8 amino } 


acid residues) 15845 93224 295 75,2 | 29427 99924 476 
Incomplete pancreatin hydrolyzate (average 


peptide size — 2.8 amino acid residues) 16244 9943+ 244 | 80.2 117324 [119374272 
Experiment with Pisum sativum (exposure 4 hours) 


Complete hydrolyzate | 30,141 933.1131 |100 16738 160 


Incomplete pancreatin hydrolyzate (average | | 
peptide size — 3.2 amino acid residues) | 37,14 0,5 1150416 | 123,3 |45,640,5 | 912410 


} 


| 
TABLE 2 


Utilization of Complete and Pepsin Hydrolyzates of Cc Labeled Yeast Protein as Substrate for Protein Synthesis 
and Respiration of a Yeast Culture 


Hydrolyzate Culti- | Total radioact- | Activity of Activity.of BaCO;, imp./min. 
vation ivity of added {per 10 mg jtotal protein ratio ,%|per 10 mg jtotal BaCO3 ratio 


| time, min, | hydrolyzate, } precipitate | 


Complete hydrolyzate 230200 31446 | 631144 1206} 100 =(87,441.5 328 100 
| 29844 | 142024 1000} 100 {59,741 202983 340 1100 
Pepsin hydrolyzate | 218800 | 8645 | 169421985 | 26,8 |11.740,3 | 2504463 | 13,02 
(average peptide 13045 | 2782841070| 37,5 |13,140,2 | 3930460 19,36 
size — 5.6 amino 


acid residues) 


| | 
In our view, the results clearly show the possibility of direct utilization of peptides in protein synthesis, pro- 
vided that the peptides correspond to the natural intermediate synthesis products. 
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The method used in this investigation has the important defect that the utilization of hydrolyzate of the total 
protein in the synthesis of,again,the total protein of the living cell was studied. In real conditions, however, protein 
synthesis is effected locally, and specific intermediate products are probably formed during the synthesis of each 
protein. If products of the incomplete decomposition of a particular protein could be introduced into the system 
in which this protein is being synthesized, then such products should be utilized better and more rapidly than free 


amino acids. 
SUMMARY 


Evidence that specific peptides can be utilized in protein synthesis without previous hydrolysis into amino 
acids has been obtained by studies of the utilization of C!*-labeled amino acids and peptides in the synthesis 
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of yeast protein and proteins of two piants, in relation to the amount of radioactive carbon given out in the 
form of carbon dioxide. 
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SPECTROPHOTOMET RIC STUDY OF THE LIPIDS OF THE BCG BACILLUS 
AND DIPHTERIA BACTERIA 


E. M. Gubarev and V. L. Pustovalov 


Chair of Biochemistry, Medical Institute, Rostov on Don 


Much attention has recently been devoted to studies of infrared absorption spectra, both of individual 
constituents of bacterial cells [1, 2] and of the complex mixtures extracted from bacteria and viruses by 
means of various solvents [3, 4]. There have also been isolated attempts to study the absorption of infrared 
radiation by whole bacteria [5]. In studies of individual substances, the purpose of such investigations is to 
obtain data for determination of the structure of these compounds. Spectra of complex mixtures of chemical 
compounds of bacterial origin may be used to establish their similarity in studies of related strains, or to 
distinguish chemically one strain from another. For example, it proved possible, by means of infrared 
spectroscopy , to show a difference between the chemical compositions of bovine and avian tuberculosis 
bacilli [6], and also of strains H 37 Ry and H 37 R, of human tuberculosis bacilli [7]. 


Studies of light absorption in the visible and ultraviolet regions of the spectrum by suspensions of 


whole bacteria and bacterial extracts are also promising [8], although they are less likely to provide inform- 
ation on the structure of the substances under investigation. 


We made a study of light absorption in the ultraviolet region of the spectrum by lipids of the BCG 
bacillus and diphtheria bacterium. 


The BCG bacillus was grown on synthetic " VKL" glycine medium for 17-18 days. After separation 
of the medium, washing with physiological NaCl solution, and drying, the bacterial culture (152.2 g) was 
repeatedly extracted by large portions of boiling chloroform. The extract was filtered, evaporated, and 
thoroughly dried under vacuum (10 mm Hg) at 60-70" C, for 48 hours. The lipids, obtained in 22.2 g yield 
(14.6% on the air-dry weight of the bacteria), consisted of a solid brown mass, with neutralization number 
69.1, saponification number 169.1, and fodine . number 23.9. 


The diphtheria bacteria (strain PW8) were grown on Martin's bouillon. The culture was filtered off, 
washed on the filter with physiological NaC] solution , sterilized in the autoclave, and dried at 100°C. 
60.06 g of the powdered culture was then extracted with three consecutive portions of boiling benzene. 
After vacuum drying, the benzene extract of lipids consisted of a solid brown mass, with neutralization number 
32.1, saponification number 89.1, and iodine number 19.9. The remaining culture was then extracted several 
times withboiling chloroform. After thorough drying under vacuum, the chloroform extract was a brown paste 
with neutralization number 86.0, saponification number 234.8, and iodine number 26.6. Benzene extraction 
of the diphtheria culture yielded 4.99 g (8.3%) lipids, and chloroform extraction of the residue yielded 0.22 g 
(0.3%). The total content of free lipids in the culture was 5.21 g (8.6% on the air-dry weight). 


The light absorption determinations were made by means of the SF-4 spectrophotometer. Isooctane 
was used as solvent. Technical isooctane was first purified by passage through a chromatographic column 
filled with silica gel [9], and distilled over solid KOH through a fractionation column [10]. 0.1% solutions 
of the lipids were used in all cases. The measurements were made at 20°C. on solution layers 10.06 mm 
thick. The absorption curves are shown in the figure.. 
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A comparison of Curves A and C shows that 
they have absorption maxima at about 220m yp. 
Curve C has a maximum at about 215 my. These 
absorption bands may perhaps be attributed to 
carbonyl! in the carboxyl groups of the higher fatty 
acids [11]. It is seen that absorption increases with 
increasing neutralization number, that is, with 
increasing fatty acid content of the lipids. A peak 
on Curve A in the 270 my region is probably evi- 
dence of the presence of aromatic nuclei in the 
lipids of the BCG bacillus [11] or, less likely, of 
three conjugate double bond systems in the mole- 
cules of the higher fatty acids [12]. A weak absorp- 
tion band on Curve A around 320 my indicates the 
presence of ketones in the lipids of the BCG bacillus. 
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THE AUTOLYSIS OF TRYPSIN 
M. P. Chernikov 


Institute of Biological and Medical Chemistry, Academy of Medical Sciences USSR, Moscow 


Many problems of the mechanism of protease action cannot be solved without a preliminary study of the 
autolysis of these enzymes. If the enzyme is used in concentrations near to the concentration of the substrate pro- 


tein it is especially important to know the extent to which the protease autolysis products may distort the re- 
sults attributed to the: enzymatic splitting of the substrate protein. 


This question arose [1] in a study of the initial rates of hydrolysis of serum albumin by chymotrypsin in 
relation to the enzyme concentration (enzyme — substrate ratio). .By a study of the autolysis of pure chymo- 
trypsin it was established that a direct correlation exists between the activity and a decrease of the enzyme 
protein concentration. It was also found that the substrate protein protects chymotrypsin against loss of activity. 
These facts led to the conclusion that in the hydrolysis of serum albumin by chymotrypsin the autolysis of the 


enzyme is greatly inhibited,and therefore in calculations of initial proteolysis rates it may be assumed that the 
protease practically does not undergo autolysis. 


This paper presents data on the autolysis of trypsin. A study was made of the autolysis rate as a function 
of the initial enzyme concentration and the influence of the substrate protein and of the peptides formed from 
it by the action of trypsin on the process. It was also proposed to study the mechanism of trypsin autolysis; 


namely ,to establish whether the enzyme is autolyzed in the denatured or native form, and whether enzymati- 
cally active products are formed during autolysis of proteases, 


EXPERIMENTAL PROCEDURE AND METHODS 


Crystalline trypsin and twice-crystallized egg albumin, dried from the frozen state, were used. All the 
experiments were carried out in 1/15 M phosphate buffer solution at pH 7.9 at a temperature of 354 0.01°. 


The autolysis of trypsin 


1) Determination of the amount of enzyme in solution. The amount of protease present can at present 
only be estimated in presence of substrate protein (during proteolysis) by determinations of the enzyme activity, 
as no methods exist for direct determination of the enzyme concentration in such conditions. The enzyme activity 
was determined by the rate of hydrolysis of 1% casein solutions, as described previously [2]; the enzyme solution 
was previously diluted with buffer solution to give a trypsin concentration of ~ 10-20 pg per 1 ml. 


The enzyme content of pure solutions of proteases can be determined direct from the concentration of the 
enzyme protein. The variation of the enzyme protein concentration during autolysis was determined from the 
amount of non-protein material in the autolyzate after precipitation of the unchanged enzyme by trichloroacetic 
acid. The final concentration of the latter was 3%, The determinations were made by means of the SF-4 quartz 
spectrophotometer. The results were calculated as % of the autolyzed enzyme with the aid of a calibration graph 
for the variation of the optical density of trypsin solutions at 280 my with the enzyme concentration [2;1): 


2) Peptides from the trypsin hydrolyzate of denatured egg albumin were prepared as follows. 550 mg of 
egg albumin was dissolved in 50 ml of distillea water. The pH ot the solution was adjusted to 8 by means of 
2% ammonia and 5% acetic acid. The protein was denatured by the action of heat on a boiling water bath for 
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for 5 minutes , the solution was cooled, 5.5 mg of trypsin was added, and the mixture placed in a thermostat for 
3 hours at 35. The undigested protein was precipitated by 150 ml of 5% trichloroacetic acid. The acid was 
removed from the filtrate by ether extraction. The filtrate was evaporated to dryness on the water bath. The 
peptides were dried by alcohol and ether. The yield was ~ 160 mg. 


3) Diisopropy|!phosphory! trypsin (DIP-trypsin) was prepared as follows, 1.0 g of trypsin was dissolved in 20 
ml of cold 1/15 M phosphate buffer solution at pH 7.9, to which 0.1 m1 of diisopropy!fluorophosphate (DIFP) had 
been added. The protein was dialyzed against tap water in the cold for twenty-four hours. The slight precipitate 
was filtered off. 5 m1 of the same buffer solution containing 0.01 m1 DIFP was added to the filtrate and the pro- 
tein was again dialyzed for twenty-four hours against tap water. After three additions of the same quantity of 
DIFP the protein was dialyzed for twenty-four hours against tap water, then against dilute hydrochloric acid 
solution (pH 2,5) and dried lyophilically. The DIP-trypsin preparation had a residual activity equal to 0.3% of 
the original value, and contained 11.3% non-protein material. 


Enzymatic activity of trypsin decomposition products 


Dialysis of the autolyzates was carried out in a cell made from organic glass, divided by a cellophane 

membrane into two compartments, each with a volume of ~ 12 m1, with a layer thickness not greater than 

5 mm (Fig. 1). The enzyme solution was put into one half of the cell, and the denatured egg albumin solution 
or buffer solution in the other. The cell containing the 
enzyme and protein solutions was kept at 0 or 35° from 
2 to 6 hours (dialysis time). At the end of that time the 
solution of substrate protein was removed from the cell 
and kept in a thermostat at 35° for 3-24 hours (hydro- 
lysis time). 


Denaturation of the proteins was effected by the 
action of heat on the solutions on a boiling water bath. 
| Toluene was used as a preservative. 


EXPERIMENTAL RESULTS 
The autolysis of trypsin 


Autolysis at high concentrations of trypsin in solu- 
Fig. 1 Dialysis cell (in section):. asa pe 
: ’ tion. In the first series of experiments the variation of 
1) Metal frames; 2) inlet channels for protein and 
: ‘the concentration of a pure trypsin solution with time, 
enzyme solutions; 3) cellophane membrane; 
S PH in relation to the initial concentration, was studied. The 

4) rubber interlinings; 5) clamps. apoe 
average results of these experiments are shown in Fig. 2. 
These results show that the decomposition rate of trypsin 

is practically the same for initial concentrations from 0.1 to 1.0% and is less at concentrations of 2.0 and 3.0%. 


Autolysis at low concentrations of trypsin in solution. The results in Fig. 3 show that at low enzyme cor 
centrations the rate of decrease of the trypsin activity clearly depends on the initial concentration. The rate 
of decrease of trypsin activity is greatest for 0.1% solution and least for 0.002% solution. 


In the autolysis of 0.1% trypsin solution, the activity of the trypsin decreases more rapidly than the con- 
centration of the enzyme protein (see Curves 5 and 4 in Fig. 3). 


Effect of protein substrate and its hydrolysis products on the autolysis of trypsin, Autolysis of the enzyme 
was studied during hydrolysis of 1% solutions of native and denatured egg albumin at enzyme— substrate ratios of 
1:10 and 1;100. The amount of enzyme present was estimated by its activity. The results of the experiments 
are shown in Fig. 4. In presence of native egg albumin at enzyme— substrate ratio of 1:10 the enzyme activity 
decreases at a lower rate than in the autolysis of pure 0.1% trypsin solution (compare Figs, 3 and 4). In this in- 
stance trypsin has a weak proteolytic effect on native egg albumin (see Table 1). In experiments on the hydro- 
lysis of denatured egg albumin the activity of trypsin decreased much more slowly, 
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Time, in minutes 


Fig. 2. Varation of trypsin concentration in solution (pH 7.9; 35°) 
with different initial concentrations; 

Abscissa axis-- time in minutes; ordinate axis— residual enzyme as 
% of the initial content; 1) 3.0%; 2) 2.0%; 3) 1.0%; 4) 0.1%; 5) 0.5%; 
6) 0.25%. 


Time, in minutes 


Fig. 3. Change of activityof trypsin solutions undergoing autolysis 
with initial concentration of the enzyme in solution (pH 7.9;35°): 
Initial concentrations of enzyme solutions 1) 0.002%; 2) 0.005%; 3) 
0.01%; 4) 0.1%; 5) change of concentration of 0.1% solution of try- 
psin (taken from Fig. 2 for comparison); abscissa axis shows the auto- 
lysis time in minutes; ordinate axis shows the activity as % of the 
original activity of the enzyme. 


In the experiments with 1:100 enzyme— substrate ratio native egg albumin retarded the decrease of en- 
zyme activity to the same extent as denatured egg albumin in experiments with enzyme ~— substrate ratio 1;10, 
In experiments on the hydrolysis of denatured egg albumin by trypsin with enzyme~— substrate ratio 1;100 for 
3 hours,no decrease of enzyme activity was found. A comparison of these results with the results of the pre- 


ceding series of experiments suggests that free trypsin is autolyzed while trypsin bound in the enzyme — substrate 
complex [3] is largely protected against autolysis. 
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Time, in minutes 


Fig. 4. Variation of the activity of trypsin in the hydrolysis of native 
and denatured egg albumin solutions, and in presence of peptides: 

I) 5.5 mg trypsin and 27.5 mg peptides dissolved in 5 m1 phosphate 
buffer (pH 7.9); ID peptides added “ in advance" 'to 0.1% trypsin sol- 
ution; III) peptides added " in arrear”; IV) true change of trypsin act- 
ivity with continuous increase of peptide concentration during the 
hydrolysis of 1% denatured egg albumin by trypsin (E:S = 1:; 10; pH 
7.9; 35°); V) during the hydrolysis of denatured egg albumin 

(E:S= 1:10) . and native egg albumin (E:S = 1;100); VI) during 
the hydrolysis of native egg albumin (E;S = 1:10); VII) during the 
hydrolysis of denatured egg albumin (E;S = 1;100); abscissa axis — 
time in minutes; ordinate axis — activity of trypsin as % of the act- 
ivity of the original enzyme solution, 


TABLE 1 


Hydrolysis of Native and Denatured Egg Albumin by Trypsin at pH 7.9 and 35° 

| 
Enzyme-— substrate | Substrate— 1% 
120 


egg albumin sol- 
ution 


Native | 18.0 20.0 
Denatured | 44.5 48.0 
Native | 3.5 4.0 
Denatured 33.0 34.5 

\ 


‘ 


It was of interest to see whether the proteolysis products of egg albumin affect autolysis of the enzyme. 
An additional experiment was therefore carried out, on the splitting of denatured egg albumin at enzyme — sub- 
strate ratio 1:10 over a shorter time interval (Table 2, Line 1). 


The amount of peptides increases continuously during the proteolysis, but it is only possible to add pep- 
tides to trypsin undergoing autolysis in separate portions. Three series of experiments were carried out. In one 
of these, the enzyme was dissolved in the buffer solution together with the peptides(Fig. 4, Curve I). In the 
other two, the peptides were added to the enzyme solutions stepwise, in amounts in which they are formed during 
the hydrolysis of denatured egg albumin. In one experiment, the peptide addition was somewhat in advance of 
their natural formation during the hydrolysis of denatured egg albumin by trypsin (Fig. 4, Curve II). In this 
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case 5.5 mg of trypsin was dissolved together with 15 mg of the peptides in 5 ml of buffer solution. Peptides were 
then added to this solution stepwise; at the end of 5 minutes, 3 mg; after 15 minutes, 1.2 mg; after 30 minutes, 
0.4 mg; after 45 minutes, 0.4 mg; after 60 minutes, 0.6 mg; after 120 minutes, 1.4 mg. In the other experiment 
the peptide addition was in arrear of their natural formation during hydrolysis of denatured egg albumin (see 
Table 2, Line 2). In this case the first portion of 12 mg was added 5 minutes after the 0.1% trypsin solution had 
been held at 35°, and the following portions were then added; after 15 minutes, 3 mg; 30 minutes, 1.2 mg; 

45 minutes, 0.4 mg; 60 minutes, 0.4 mg; 120 minutes, 0.6 mg. The results of this experiment are shown in 

Fig. 4, Curve III. For determinations of the enzyme concentration from its activity, 1 ml samples were taken 

at the start of the experiment, and after 1, 2 and 3 hours, immediately after the addition of the corresponding 
portion of peptides. 


TABLE 2 


Increase in Amount of Peptides During Proteolysis of Egg Albumin by Trypsin 


Experime ntal conditions Time, minutes 


% of denatured egg albumin split by 
trypsin; E:S = 1 ; 10; pH 7,9; 35° 

Amount of peptides formed, in mg 
per 5 ml of solution 


The true change of the trypsin concentration with a continous increase of the peptide concentration, which 
occurs in the hydrolysis of 1% denatured egg albumin solution by trypsin at 1;10 enzyme-substrate ratio, is shown 
in Fig. 4 by Curve IV, which lies between Curves II and III Here, with a knowledge of the variation of the try- 
psin activity during its action on denatured egg albumin (1% solution; E:S = 1 ; 10; pH 7.9; 35°), in conditions 
when protein and peptides are present together , and with a knowledge of the influence of the peptides alone at 
the concentration in which they are formed during hydrolysis of albumin, it is possible to compare the stabilizing 
effects of the substrate protein and of the peptides on trypsin. For this, the values found in the experiments with 
peptides (Fig. 4, Curve IV) must be subtracted from the values for the autolysis of trypsin in the hydrolysis of 
denatured albumin. Results of such calculations are shown in Table 3. 


TABLE 3 

Effect of Protein Substrate and Peptides on Trypsin Activity During Autoiysis (pH 7.9; 35°) 
Results given as % of the initial enzyme activit 

Conditions Time, minutes 


0.1% trypsin solution 

Hydrolysis of 1% solution of denatured 
egg albumin; E:S = 1;10 

Influence of peptides 

Influence of protein (by difference) 


The reason for this indirect method of evaluation is that direct experiments to determine the influence of 
denatured egg albumin alone on trypsin cannot be carried out, as egg albumin is continuously split to form pep- 
tides. The results in Table 3 lead to the conclusion that in the experimental conditions used, denatured egg 
albumin and its decomposition products have approximately equal retarding effects on the autolysis of trypsin. 
Therefore it may be assumed that when denatured egg albumin is hydrolyzed by trypsin (E:S = 1:10), the stab- 
ilizing influence on the enzyme does not vary with time. 


Nature of the autolysis reaction. To, determine whether only denatured trypsin is decomposed by autolysis 
or whether Hydrolysis of the native trypsin is possible, experiments were carried out in which 1% solutions of 
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native and denatured DIP-trypsin were hydrolyzed by active trypsin at 1:10 enzyme ~ substrate ratio and pH 7,9 
and 4,9. The results of these experiments are shown in Table 4, It is seen that native DIP-trypsin is readily 
hydrolyzed by trypsin at pH 7.9, in contrast to denatured DIP-trypsin (in this case the DIP-trypsin was in the 
form of a precipitate). At pH 4,9 both the native and denatured forms of DIP-trypsin were in solution, but 
here the degree of hydrolysis was slight and approximately the same in both cases, 


TABLE 4 
Hydrolysis of Native and Denatured DIP-Trypsin by Trypsin at Enzyme~Substrate Ratio 1:10, and 35° 


Time, minutes 


{ 
| 36.4 (|41.4 45.0 48.5 
Denatured, | 10.2 {10.0 


10.0 {10.0 | 10.0 


| 4.9 | Native ; 0,000 | 0.019 0.035 | 0.032 | 0.071 0.2110; - | 0.146 
| 4.9 | Denatured | 0,000 | 0,028 | 0.018 , 0.036| 0.072 | 0.098 0.137! 0.142 
Note, In Experiment 1 the results are given as % of the DIP-trypsin hydtolyzed; in Experiment 2, as optical den- 
ities. The results in Experiment 1 include autolysis of active trypsin. 


Activity of the trypsin autolysis products _ 


To investigate the enzymatic activity of the autolysis products of trypsin, solutions of the protein substrate 
and protease were kept in a special cell divided by a cellophane membrane (Fig. 1). The low-molecular pro- 
ducts of the protease autolysis should pass through the membrane into the solution of protein substrate, At the end 
of a definite period of dialysis the substrate protein was removed from the cell and incubated in a thermostat, 


The results of these investigations are shown in Table 5, The increase of optical density in Experiments 
1 and 2 indicates appreciable splitting of the substrate protein. For example, in Experiment 2 the increase of 
optical density in 24 hours corresponds to hydrolysis of 22% of the denatured egg: albumin. 


It was necessary to prove that the enzymatic activity observéd, was due to trypsin autolysis products, and 
not to penetration of trypsin through the membrane. An attempt was therefore made to retard the autolysis of 
trypsin by addition of 0.05 M CaCl, [4-6]. However, the desired effect was not obtained; in this case (Exper- 
iment 3) the retardation of autolysis was slight. Complete cessation of autolysis was acheived by a decrease of 
the buffer pH to 2.3 and of the temperature to 0° (Experiment 5), In this case a second portion of protein was 
introduced into the cell after 3 hours. The small increase of the optical density of the centrifuged liquid after 
precipitation of the unchanged albumin by trichloroacetic acid, found after prolonged incubation, is within the 
limits of experimental error. In this experiment, a solution of denatured egg albumin in glycine buffer at pH 
2.3 was dialyzed against the enzyme solution, removed from the cell, and its pH was adjusted to 8 by means of 
1 N NaOH before incubation. The denatured egg albumin was precipitated as a gel on the addition of alkali. 
Special control experiments were carried out to determine the influence of gelation of the egg albumin on the 
activity of the trypsin present. It was found that the enzyme retains its activity in such conditions. Only a de- 
crease of the dialysis temperature from 35 to 0° results in a decrease of the observed hydrolysis of denatured egg 
albumin, owing to decreased rate of autolysis of the trypsin (Experiment 4, Line 1). Thus, these experimental 
results show that in this instance the observed enzymatic activity is due not to trypsin, but to the low-molecular 
compounds formed during autolysis. 


An attempt was made to study the stability of the active products of trypsin autolysis. For this, in Exper- 
iment 4, after the protein had been removed from the cell it was replaced by phosphate buffer solution at pH 
7.9 . The trypsin autolysis products were then dialyzed for 2 hoursat 0° into the buffer solution, At the end of 
that time the buffer solution was mixed (in 1:1 ratio) with a 2% solution of denatured egg albumin in the same 
buffer solution, and incubated at 35°. It is seen in Table 5 (Experiment 4, Line 2) that after 3 hours of incubation 
there was no increase in the optical density of the centrifuged liquid after precipitation of the unchanged sub- 
strate protein by trichloroacetic acid. In Experiment 6, trypsin solution was dialyzed first against phosphate 
buffer (Line 1) and then against a solution of denatured egg albumin (Line 2). No activity could be detected in 
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the trypsin autolysis products which passed into the phosphate buffer solution, while after dialysis into protein 
solution such activity could be found, The febults of these experiments suggest that the active products of try- 
psin autolysis are unstable, and that substrate protéin stabilizes them against further breakdown, 


DISCUSSION OF RESULTS 


The autolysis reactions of trypsin and chymotrypsin have features of similarity as well as considerable dif- 
ferences. It is known from the literature that products of a protein nature are not found in the hydrolysis of trypsin, 
if the heterogeneous character of trypsin disclosed by electrophoretic methods is disregarded (6;7]. Autolysis of 
chymotrypsin yielded active proteins, B- and y~chymotrypsins, which differed from the original enzyme [8]. In 
this respect the autolysis of trypsin follows a similar course to the proteolytic reactions which proceed with a re- 
tardation of the proteolysis rate, termed “explosive” [1;9]. It is possible that inthis instance intramolecular pep- 
tide bonds are broken, and the intermediate products formed, owing to loss of protein structure, become less re- 
sistant to hydrolysis. 


At high concentrations of trypsin in the solution (from 0,1 to 10%) we were not able to find a relationship 
between the autolysis rate and the initial enzyme concentration, The decrease of the rate at 2.0 and 3.0% con- 
centrations is apparently caused by a shift in the pH of the buffer solution in which the enzyme was dissolved, In 
the autolysis of chymotrypsin the autolysis rate was much lower in 1% than in 0.5% solution [1], However, when 
the initial trypsin concentration is decreased from 0,1 to 0.002%, the course of the decrease of the enzyme act- 
ivity greatly changes (Fig.3). Unfortunately, we do not have corresponding data for chymotrypsin, It seems likely 
that the stability of chymotrypsin in solution would also increase with decreasing concentration, Our discovery 
that the autolysis rates of trypsin and chymotrypsin depend on their initia’ concentrations is of considerable in- 
terest and significance for studies of autolysis of these enzymes and also cf proteolysis. The recently published 
data on the autolysis of trypsin and acetyltrypsins [5,10].are difficult to interpret, as the enzyme concentrations 
are not stated, The above-mentioned differences between the autolysis of trypsin and chymotrypsin may in all 
probability be explained by differences in the polymerization of these proteins with changing solution concent- 
tations, While chymotrypsin molecules probably form “end to end" dimers on change of concentration, without 
participation of the active center of the enzyme [11,12], trypsin molecules are joined laterally, with participa- 
tion of the active center [13]. Consequently, polymerization of chymotrypsin produces a complex which differs 
from the enzyme substrate, and its lower molecular mobility should probably lead to a decrease of the autolysis 
rate, Polymerization of trypsin produces a complex which is similar to the enzyme substrate, and in this case the 
autolysis rate should not change, This hypothesis with regard to trypsin is confirmed by the fact that DIP-trypsin 
cannot polymerize [13] or form an enzyme-substrate complex with proteins [14]. 

Another difference between these enzymes in autolysis is the fact that in the autolysis of chymotrypsin the 
decrease of the enzyme protein concentration was parallel to the decrease of activity [1]. In the autolysis of try- 
psin, the decrease of enzymatic activity was more rapid than the change of concentration (Fig. 3). This is in 
agreement with the data of Northrop and Kunitz [15], concerning the peculiar inactivation of trypsin during auto- 
lysis. This fact has not yet been explained, 


There is also a resemblance between the autolysis of chymotrypsin and that of trypsin; in both cases the 
substrate protein protects the enzyme against loss of activity. This was studied in greater detail in the case of 
trypsin. It was found that in the hydrolysis of native egg albumin at 1;100 enzyme-substrate ratio the activity of 
the enzyme decreases at the same rate as in the experiment on the hydrolysis of denatured protein at 1;10 enzyme- 
substrate ratio (Fig. 4). This suggests that the stabilizing effect of denatured egg albumin on trypsin is 10. times 
as great as the effect of the native protein. It was found that the hydrolysis products of denatured egg albumin 
exert-a stabilizing effect on trypsin which is equal to the effect of denatured egg albumin itself (Fig. 4, Table 
3). This shows that the stabilizing action on the enzyme remains unchanged as denatured egg albumin is split. 
This can probably be explained by the fact that free trypsin only is hydrolyzed; trypsin bound with proteins or 
peptides in the form of complexes is largely protected against autolysis. The protective effects of substrate pro- 
tein and peptides on trypsin increase with increase of their relative concentrations. 


Autolysis of trypsin results in the formation of enzymatically active products which pass through a cellophane 
membrane. This was an unexpected result. In studies of the autolysis of trypsin we did not find a single instance 
when the concentration of the enzyme protein in the solution decreased. while the activity of this solution was 
unchanged or increased. In addition, in determinations of the activity of trypsin preparations with different peptide 
contents,it was found that a preparation with a high peptide content (17%) had lower activity than a pre- 
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paration with a lower peptide content (5%). However, the activities calculated on the protein content were equal 
(2]. Consideration of these results led us to the view that products of trypsin autolysis present in the preparation do: 
not have protease .activity. The reverse was found in the case of chymotrypsin preparations. These facts were 
enough to lead to the conclusion that even if active products are formed in the autolysis of trypsin, they are much 
less stable than the original enzyme. This was confirmed experimentally (Table 5, Experiments 4 and 6). 


As was stated earlier, the stability of trypsin increases with decreasing concentration (Fig, 3). The concen- 
tration of the trypsin autolysis products which passed into the phosphate buffer solution during 3 hours at 0° (Table 
5, Experiment 6) was equivalent to 0.0035% trypsin, At this concentration, and especially at 0°, trypsin is fairly 
stable, while its active autolysis products are unstable under such conditions, The substrate protein exerts a 
stabilizing effect not only on trypsin, but on its active autolysis products, This fact provided the basis for the 
technique used in the present study for detection of the enzymatically active products of protease autolysis. 


The important question arises whether active products of protease breakdown are formed during proteolysis. 
In the hydrolysis of native and denatured egg albumin by trypsin (Fig. 4), at 1:10 enzyme-substrate ratio, the 
enzyme activity decreases, which indicates autolysis of the protease, and consequently also formation of enzy- 
matically active breakdown products. It is rather more difficult to say whether this process occurs when the 
enzyme activity does not change, as is the case in the hydrolysis of denatured egg albumin by trypsin at 1;100 
enzyme-substrate ratio. However, here also it may be supposed that the protease undergoes changes of this type, 
but conditions may arise which favor more complete stabilization of the active autolysis products. At the same 
time, the autolysis process is apparently greatly retarded in these conditions. 


Northrop and Kunitz [15], in their investigation of the autolysis of trypsin, subjected the enzyme to influ- 
ences far removed from physiological conditions; great variations of hydrogen ion concentration (pH 13.0 and 
1.0) and high temperatures. In these conditions a reversible loss of enzyme activity occurred. They attributed 
the loss of activity to denaturation of the trypsin, and considered that the denatured form of trypsin, which in 
their view is in equilibrium with the native form, is autolyzed. Breakdown of the denatured form should result 
in a shift of equilibrium, and, in the final analysis, to complete breakdown of the trypsin. Other authors also 
hold this view [6]. 


Our experiments were carried out in mild conditions (pH 7.9 and 35°), when denaturation of the enzyme is 
unlikely. We found in the case of serum albumin that denaturation of a protein does not always make it more 
susceptible to proteolysis by chymotrypsin [1]. This led us to undertake an additional study of this problem, with 
the use of model trypsin autolysis. Experiments on the breakdown of, native and denatured DIP-trypsin by active 
trypsin showed that the native form is more easily broken down than the denatured form. Denatured DIP-trypsin 
is apparently not split at all, as the optical density increase does not exceed the values which correspond to the 
autolysis of the active trypsin used as enzyme. The résistance of denatured DIP-trypsin at pH 7.9 is probably 
caused by a peculiar aggregation of trypsin molecules during denaturation, which blocks the peptide linkages 
accessible to the enzyme or increases their stability by additional cross-linking of the molecules by hydrogen 
and other bonds during aggregation. At pH 4.9 trypsin had a weak, but approximately equal hydrolyzing effect 
on the native and denatured forms of DIP-trypsin. In this case the denatured DIP-trypsin had a lower degree of 
aggregation, as it was in solution, These results suggest that during the autolysis of trypsin near the optimum 
conditions (pH 7.9; 35°), the native form of enzyme undergoés autolysis. This should result in the formation of 
enzyme-substrate complexes, in which one trypsin molecule plays the part of enzyme and the other of substrate. 
This difference may probably be caused by accidental circumstances during the molecular collisions. The en- 
zyme role will be played by a trypsin molecule the active center of which forms a bond with an accessible pep- 
tide bond of another trypsin molecule. Before the formation of such a complex, all trypsin molecules are 
equivalent. 


SUMMARY 


The rate of the autolysis of trypsin remains practically unchanged with variations of the initial concentra- 
tion of its solutions in the range from 0.1 to 1.0% (pH 7.9; 35°). The stability of the enzyme increases with de~ 
crease of initial concentration in the range 0.1 to 0.002%. The enzymatic activity of trypsin decreases at a 
greater rate than its concentration during autolysis of a 1% solution. 


The stabilizing effect of denatured egg albumin on trypsin is 10 times as great as that of native egg al- 
bumin. When denatured egg albumin is hydrolyzed by trypsin (1:10 enzyme-substrate ratio), the stabilizing 
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action on the enzyme does not change during 3 hours of proteolysis. This is due to the fact that the peptides 
formed also have a stabilizing action on the enzyme. 


When trypsin undergoes autolysis under the usual conditions (pH 7.9; 35°), the native form is broken down. 


Enzymatically active products which pass through a cellophane membrane are formed during autolysis of trypsin. 
The substrate protein protects these products against loss of activity. 


It is my pleasant duty to express my gratitude to Member of the Academy of Medical Sciences USSR. 


Prof. V. N. Orekhovich, for advice in the course of this investigation, 
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REVIEWS 


M. G. Golik. Physiological and Biochemical Principles of Corn Storage. Edited by V L. Kretovich. Acad. 
Sci. USSR Press, Moscow, 1955, 326 pages. 


Corn occupies a special position in the most important task of the increase of the grain production in the 
Soviet Union. The January Plenum of the Central Committee of the CPSU acknowledged extension of corn cult- 
ivation to be the greatest potential means for increasing grain production. The Directives of the XXth Congress of 
the CPSU on the Sixth Five-Year Plan regard the extcuded cultivation of corn, as the most productive crop, to be 
one of the main means for raising the overall grain production to 11 billion puds in 1960. 


An important stage in the rational utilization of corn after harvesting is its storage. The storage of corn is 
more difficult and complicated to organize than the storage of the ear grains. Corn has a number of peculiar 
features as a storage material. The varying hygroscopicity of different parts of the cob, the high porosity, air 
permeability, and heat conductivity of cob heaps, and the specific biochemical characteristics of corn make it very 

usceptible to spoilage. Because ofthe irrerular ripening of the grains, and of the differences in the physiological 
functions of the grain and the cob, corn contains large amounts of soluble organic compounds in the cobs, which 
are easily accessible to microorganisms. This complicates the storage of corn cobs still further, The high fat 
content, most of which is concentrated in the embryo, and the high content of water-soluble proteins, minerals and 


enzymes in the embryo, increase the instability of corn during storage. In addition, the methods widely used for 
storage of corn on the cob have numerous defects. 


It may be said without fear of exaggeration that the scientific principles of corn storage, based on a deep 
knowledge of the biochemical processes which occur during storage have hitherto never been worked out. 


This gap is filled by M, G. Golik's monograph. A distinguishing feature of this book is the fact that it contains 
the first attempt at a systematization and generalization of data on the physiological and biochemical principles 
of corn storage, and at combining material on all aspects of this important provlem, including the author's own 
experimental investigations, and the available industrial experience. 


The publication of M. G. Golik's monograph must be regarded as an important contribution of the A, N. Bakh 


Institute of Biochemistry, Academy of Sciences USSR, toward a solution of the problem of increasing grain product- 
ion in the USSR, 


The book is divided into 8 chapters; the sequence of presentation of the material must be considered as suc- 
cessful. The monograph begins with a general characterization of corn as a storage material. In addition to a 
botanical and economic characterization of corn, the author paid great attention to the formation of production 
heaps of cobs. He has adopted the correct approach, governed by scientific and practical factors, that the special 
features of corn as a stored material originate in the field, and that its behavior in storage is determined by the 
biochemical features of the grain and cob which arise during ripening, harvesting, and preparation for sturage. 


The second chapter describes the morphological and physicochemical : features of corn — the relationship 
between the grain and stalk in the cobs, the relationship between the embryo and the rest of the grain, hygro- 
sopicity, porosity, vapor permeability, and heat conductivity — the properties upon which the nature and intensity 
of the biochemical processes in the stored corn depend. This chapter is largely based on data obtained by the 
author himself or jointly with others, and the investigations were made on modern, most common varieties of corn. 
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The third chapter is one of the most important in the book. Its contents stress the importance of the 
physiological and biochemical properties of corn for its storage. Oxidation-reduction processes are more vigorous 
in the corn grain than in the wheat and other ear grains, and this is shown to be one of the reasons for the lower 
stability of corn in storage. 


The author has obtained convincing experimental data on dehydrogenase activity, and the relationship be- 
tween this activity and the respiration rate of corn grains of different degrees of ripeness. It is shown that the 
respiration rate at different stages varies analogously to variations of the dehydrogenase activity, which clearly 
confirms that the activity of oxidation--reduction enzymes effectively characterizes the rates of the life processes 
in the grain. 


The author studied amylase activity in freshly gathered corn of different ripeness. Despite the somewhat 
conventional nature of Glazunov's method which was used, the author disproved the widespread view that the 
corm grain contains only the dextrinogenic amylase and not the saccharogenic amylase. The corn grain at early 
stages of ripeness contains both enzymes, and the activity of 6 -amylase js considerably higher. The contents and 
activities of thetwo amylases in the corn grain change during ripening in the same way as in the wheat grain, 


By studies of lipase activity in freshly gathered corn grain of different ripenesses.the author was enabled 
to determine the biochemical nature of one of the many causes of the lower storage stability of corn gathered in 
the earlier ripeness stages: the presence of lipase in such corn results in more rapid hydrolysis of fats, with formation 
of more labile chemical compounds, than in the fully ripened corn. 


An examination of the biochemical processes in the course of ripening of gathered corn leads the author to 
the well-founded conclusion that when freshly harvested corn is stored on the cob and as the whole plant, additional 
accumulation of starch takes place in the grain, the duration of which depends on the storage conditions. 


One criticism is the restricted amount of experimental material from which the author draws far-reaching 
conclusions concerning the accumulation of dry substance in the corn grain during ripening and the chemical 
composition of the grain at different ripeness stages. In both cases the author uses data obtained on one variety 
only. In our view, there is not sufficient proof of the author's assertion that dry substance accumulates in the 
grain "until, in consequence of the low moisture content of the grain, a sharp decrease in the intensity of the life 
processes sets in, characteristic of the so-called state of rest" (page 74). The author is possibly too hasty in re- 
futing the data of Wolf et al,, Borodin, and Evans according to which the corn grain has its maximum content of 
dry substances in the earlier stages of ripening. 


It is also incorrect to attribute acidity of the grain to the presence of organic acids only (pp. 77-78). In 
addition to free organic acids, the titrated acidity of the grain is due also to salts with an acid reaction, and 
proteins. 


The author makes very little mention of vitamins in the corn, and entirely omits the fact that the corn 


embryo is rich in tocopherols,which are of great biological importance and have powerful antioxidizing prop- 
erties. 


In the fourth chapter the author deals with characteristic corn microflora and its influence on the phys- 
iological and biochemical processes in heaped stored corn. This chapter, rich in factual data, contains a de- 
tailed examination of the microflora of a normal cob in relation to the moisture content and temperature, and 
also the vulnerability of the grain as the result of various kinds of damage. The author's experimental invest- 
igations confirmed the high resistance of mold fungi, particularly Penicillium, to low temperatures, and their 
ability to develop at temperatures below zero, especially at high humidities of the corn. 


If it is remembered that at high moisture contents an appreciable amount of nutritive matter in the corn 
grain is present in a soluble state, thus favoring the development of mold fungi, it becomes obvious why in the 


storage of damp corn on the cob active deterioration of the grain quality begins almost instantly after the onset 
of even slight spring warmth. 


A defect of the fourth chapter is that the author did not deal with diseases of corn, and particularly the 
most dangerous of these — fusarium and pericarp blistering. 
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The fifth chapter deals with corn pests. 


The last three chapters contain discussions of practical aspects of the industrial storage of corn on the cob 
and in the grain, with an economic evaluation of different storage methods. These chapters contain extensive 
results of experimental trials of corn storage carried out with due regard to the physiological and biochemical 
properties of corn. The sections on the storage of corn cobs and grainunder active ventilation are noteworthy. 
The-author and his co- workers, by the use of known principles of active ventilation of grain, based on the con- 
sequent retardation of physiological and biochemical processes, carried out an extensive and valuable invest- 
igation of the conditions and practical applications of active ventilation in the storage of corn cobs and grain. 


As the result of a deep study of the physiological and biochemical properties of corn, which provided the 
basis for establishing the variations of corn quality on storage, the author has developed a method and scheme 
for determination of the maximum permissible storage times for corn on the cob and as loose grain under differ- 
ent humidity and temperature conditions. 


The monograph ends with very brief practical recommendations on the storage of corn on the cob and 
logse. These could have been omitted without detriment to the value of the book, since it was not intended to 
serve as a practical instruction manual. 


On the whole, M. G. Golik's book must be regarded as timely, useful, and valuable to a large number of 
specialists concerned with corn storage. 
‘ 
By the example of such an important crop as corn, the book provides clear evidence of the need and value 


of deep studies of biochemical and physiological processes which occur in stored products of plant origin, for 
development and perfection of practical measures of rational storage. 


E. D. Kazakov 


Journal of Abstracts. "Chemistry -- Biological Chemistry". Acad. Sci, Press USSR, 1954-1955, Division 
Director — Prof. V. L. Kretovich. 


The recently formed Institution of Scientific Information of the Academy of Sciences of the USSR carries 
out a very important and necessary work in the reviewing of scientific literature in the field of natural science, 
mathematics and mechanics. Since 1954, independent journais on various fields of Science have been published 
which are combined under the general title "Journal of Abstracts" (" RZh") with designation of the science under 


discussion. Such a broad and systematic review of modern science is not carried out in any other country — the 
Soviet Union is the leader in this field. 


Biological chemistry constitutes one of the divisions in RZh "Chemistry". In 1954 there were 9228 abstracts 
in this division and in 1955 there were 18004, The reviewed scientifit material starts from 1953, thus, starting from 


this year, we have virtually the whole world's scientific literature compactly described in the form of abstracts. 


It must be noted that the scope of the world's biochemical] literature (and also that of related fields of 
science) is very broad. Thus, beside the voluminous literature of the U.S.A., England France and Germany, the 
literature of the people's democracies and also the Japanese and Italian literatures are well represented. 


Starting from 1955, the abstracts on biological chemistry occupied a more prominant place in the journal, 
having been put into a separate specialized series. 


This separation of biological chemistry has a deep meaning. At present, biological chemistry has so strongly 
developed with respect to content as well as methodology that there is every reason for its separation. Its separate 
branches have become independent sciences; for example, we have enzymology, vitaminology, protein chemistry, 
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and industrial biochemistry. Moreover, the apportionment of a specialized series on biological chemistry has 
still another significance of no less importance; the jcurnal becaine considerably less expensive (which, of 
course, is important for the reading masses) and more compact in size. 


The content of the journal under review is divided into the following headings: 1) General Problems, 
Methods of Biochemical Investigations; 2) Biochemistry of Protein and Amino Acids; 3) Enzymes; 4) Vitamins, 
Hormones, Growth Stimulators and Other Biologically Active Compounds; 5) Biochemistry of Plants; 6) Biochem- 
istry. of Animals; 7) Biochemistry of Microbes, Viruses, Bacteriophages, Antiobiotics, Immunological Chemistry; 
8) Industrial Biochemistry; 9) Medical Biochemistry; 10) Food, Nutrition; 11) Pharmacology, Toxicology. 


As may be seen from the enumerated divisions, the field of biochemistry is quite broadly covered and the 
contingent of readers of this journal should be very large. At the head of this contingent should be biochemists 
of university staffs and pedagogical institutes, and then workers of medical, agronomical and industrial institutions, 


In the USSR our network of institutions of higher education, higher technical schools and scientific-research 
institutes and experimental stations is very broad and takes in all the regions of our nation,and foreign literature 
(in any number or variety) is not always readily obtainable in the outlying regions; hence the importance of the 
publication of a special abstract journal on biological chemistry becomes immediately apparent. Also, RZh will 
undoubtedly achieve great importance in the people's democracies. 


Thus, it is certain that the publication of RZh "Biological Chemistry" will considerably facilitate andstim- 
ulate the scientific work of Soviet biochemists. Having noted the importance of the publication of such a journal, 
we consider it necessary to state our own convictions and beliefs with respect to its content. 


An appreciable defect of the journal is the time lag of the abstract with respect to the publication of the 
original works, Cases quite frequently occur when the abstract is published approximately two years after the 
publication of the work. Thus, in 1955 many abstracts were published on articles of 1953. This time lag in- 
evitably prevents the reader from knowing the current state of science. Ideally the abstract should appear, say, 
a half year after publication of the work. If this is impossible for technical reasons, nevertheless, it is expedient 
to try to shorten the lag as much as possible between publication of the original article and the appearance of 
its abstract in RZh, 


The abstracts of RZh “biological Chemistry” are generally notable for their brevity. They are considerably 
shorter than the abstracts, for example, in the division on organic chemistry of RZh "Chemistry". This brevity 
is more of a virtue than a defect. However, sometimes this brevity leads to lack of meaning in the abstract. 
For example; 


Abs. 11016 (1955) "Cytological Basis of Role of First Dye During Staining by Gram", “Data are given on 


the staining of the membranes of gram-positive and gram-negative microorganisms with triphenylmethane dyes, 
crystal-violet and safranine". 


Upon reading this abstract, the reader does not obtain any conception of the role of the first dye which is 
mentioned in the title of the article. 


Or again: 


Abs, 12232 (1955), "Chemical Composition of Different Varieties of Fruits and Vegetables that Are 
Widely used as Food in Santiago (Chile) "." An investigation was made of the chemical composition of widely- 
used different varieties of apples, lemons, oranges, lettuce, beets (raw and cooked), spinach (raw and cooked), 
squashes and pumkins grown in Chile". 


On reading this abstract, the reader inevitably asks himself in what way these Chilean fruits and vegetables 
differ from their relatives which are grown in other countries. In order to obtain an answer, it is necessary to 


consult the original work. But this same result would be obtained by the presence in RZh of only one bibliograph- 
cal description. 


With respect to such abstracts, the following must be said. Such abstracts should include 3-4 lines more and 
have their material concretized. If this is not possible for some reason, then there should be a limit of one 


bibliographical description. There are few such abstracts in the journal and they need not be considered as a 
serious defect. 
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Several words about abstracts concerning natural compounds, Works on natural compounds are generally 
reviewed in RZh "Chemistry" and compose a part of the division on organic chemistry. However, there are a 
number of works on the chemistry of natural organic compounds that are also of considerable interest to the 
biochemist. Such problems as the structure of protein and natural polysaccharides, alkaloids, antibiotics, essential 
oils, rubber etc. are on the margin of organic and biological chemistry. In our opinion, it would be correct to 
give in RZh “Biological Chemistry” a bibliographical description, referring to RZh “Chemistry” for details, 


In discussing the distribution of the reviewed material in RZh "Chemistry" and RZh "Biological Chemistry", 
it is necessary to raise the more general question of duplication of the material by the journals RZh "Biology" and 
RZh "Biological Chemistry". In the divisions "Plant Physiology" and "Animal Physiology" of RZh "Biology" many 
works are reviewed that are purely biochemical in content and were previously or subsequently reviewed also in 
RZh “Biological Chemistry". 


The divisions "Pharmacology, Toxicology" exist in both journals. It is clear that they use for the most 
part the same material. Many biochemical] works fall also into other divisions, for example "Immunity, Allergy, 


Virusology". It is necessary in some way to order and limit the material reviewed in RZh in order to avoid need-, 
less parallelism. 


RZh "Biological Chemistry" has three divisions relating to medicine, i.e. "Chemistry of Microbes, Viruses, 
Phages and Lumunity", "Medical Biochemistry" and "Pharmacology and Toxicology". The chemistry of microbes 
and immunity has a thoroughly delimited, specific character which is not true cf the other two divisions. There, 
pathological chemistry imperceptibly blends with toxicology; pharmacology is also very closely related to these 
two. In our opinion, pharmacology and toxicology could well be included in medical biochemistry. The section 
"Food, Nutrition" has a rather unfortunate designation. It would be better to call this section "Biochemistry of 
Food and Nutrition", Finally, the division "Industrial Biochemistry" is the smallest in the journal, although by 
virtue of its value it is extremely important. Here, in our opinion, the available material is very incompletely 
utilized. In many special industrial journals there is a considerable number of biochemical works which miss 
proper placement and are placed in the division of the food industry of RZh "Chemistry". The editing in this 
field is still in need of much improvement. 


RZh "Biological Chemistry" looks well and there are few misprints. Of course, it would be desirable to 
eliminate them completely. 


With most positive approbation of the appearance of a special abstract journal on biological chemistry, 
we consider it a expedient to discuss the necessity of having as a supplement to this journal another review 
publication on biochemistry in the manner of "Advances in Enzymology", "Annual Review of Biochemistry” 
etc. Before the war, we published a review "Advances in Biological Chemistry", edited by V. L. Omelyansky 
and then by N. N. Ivanov. After the war. we published one volume “Advances in Modern Biochemistry” 
(1947) with a very limited circulation and two volumes "Advances in Biological Chemistry * (1950 and 1954), 
the content of the work being chiefly medical biochemistry. Thus, the publication of this type of review 
publications is haphazard in character. It is extremely desirable to have a systematic publication of our national 
reviews not only in medical biochemistry but also in general and applied biochemistry. 


In conclustion, I would like to again emphasize the great importance of our having a special abstract 


journal on biological chemistry which brings the world literature considerably closer to the broad masses of our 
biochemists. 


I wish this journal future success in the cause of regular and timely scientific information in the field of 
biochemistry. 


S. I. Pronin 
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